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STUDIES ON THE IMPAIRMENT OF RESPIRATORY FUNCTION 
IN PULMONARY TUBERCULOSIS' 


HISATO ANNO anv JOSEPH F. TOMASHEFSKI 
Received for publication July 1, 1954 


INTRODUCTION 


Since Riley and his associates (1, 2) developed a method for the evaluation 
of ventilation-perfusion relationships and oxygen diffusing capacity of the lung, 
several reports have appeared relating the impairment of these functions in 
pulmonary emphysema, pulmonary fibrosis, Boeck’s sarcoid, and mitral stenosis 
(3-9). MeClement and associates (10) reported on miliary tuberculosis, and 
Anderson, Bell, and Blount (11) included a few cases of tuberculosis in a general 
report on chronic pulmonary diseases 

The object of the present study is to determine the types of respiratory im 
pairment which occur in pulmonary tuberculosis and to compare this impair 
ment with the nature and extent of the disease Process In several patients an 
attempt will be made to evaluate the effect of chemotherapy and surgery on the 


ventilation-perfusion relationships 


MATERIAL AND METHODS 


Twenty-five selected patients with proved pulmonary tuberculosis, without 
evidence of cardiac disease, representing various types and degrees of involve 
ment were studied. In accordance with the 1950 National Tuberculosis Associa 
tion classification, made at the time of the first study, 8 patients were classified 
as having far advanced; 8, moderately advanced; and 3, minimal pulmonary 
tuberculosis. Also included were 2 cases of miliary tuberculosis, and one case 
each of unexpandable lung, fibrothorax, pleurisy with effusion, and peritracheal! 
tuberculous lymphadenitis. Follow-up studies were made on 9 of the patients 
after a period of chemotherapy and. or surgery 

Vital capacity, three second timed vital capacity, and maximal breathing capacity 


MBC) were determined on a modified Benedict Roth spirometer of 14.5 liters capacity 


Vital capacity was predicted by the formulas derived by Baldwin and her associates (12 


From the Cardio-Respiratory Laboratory, Ohio Tuberculosis Hospital; and the De 
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whereas maximal breathing capacity was predicted by the formulas of Motley (13). Re 
sidual volume was determined, except for slight modification, by the method of Darling 
and eo workers (14). Predicted residual volume and total lung capacity were derived from 
the formulas of Kaltreider, Fray, and Hyde (15). The partial pressures of oxygen and car 
bon dioxide in the arterial blood were determined by the method of Riley, Proemmel, and 
Franke (16). A microscopic stage was used to facilitate measuring the bubble size. Corree 
tion factors recommended by Riley were not found to be necessary. Arterial blood pH was 
determined at 37°C. with a Cambridge research model pH meter equipped with a constant 
temperature water jacket. The same arterial blood was analyzed for oxygen saturation and 
earbon dioxide content by the Van Slyke Neill manometric method (17 

The arterial blood oxygen saturation obtained from the oxy hemoglobin dissociation 
curve, using the direetly determined pH and Po,, checked within plus-minus | per cent at 
the high level of oxygenation and within plus-minus 2 per cent at the low level of oxygena 
tion with the saturation obtained by the Van Slyke method. The Peo, directly determined 
checked within plus-minus 2 mm. of mereury with the Peo, obtained indirectly by the 
method of Van Slyke and Sendroy (18) using the oxygen capacity, pH, and carbon dioxide 
content 

Determination and analysis of the alveolar-arterial oxygen pressure gradient was made 
in the manner outlined by Riley and his associates (1, 2). For the calculation of the oxygen 
diffusion capacity and per cent venous admixture a difference in saturation between the 
pulmonary capillary and mixed venous blood of 25 per cent was assumed. When the oxygen 
diffusion capacity was more than 9 ce. per minute per mm. of mercury per square meter of 
body surface area or the diffusion gradient at the low oxygen level was less than 6 mm 
of mereury, it was classified as normal (8). 

RESULTS 

The age of the patients, their physical characteristics, the classification of the 
extent of disease and its known duration, and the treatment received are pre 
sented in table 1. The results of pulmonary function testing are presented in 
tables 2 and 3, in which standardized symbols are used (19). The patients with 
uncomplicated parenchymal pulmonary tuberculosis, excluding miliary tubercu- 
losis, are arranged according to the National Tuberculosis Association classifica 


tion. 


Far Advanced Pulmonary Tuberculosis 
/ 


There were 8 patients with far advanced pulmonary tuberculosis. Four (Cases 
| to 4) showed a moderate to marked impairment of ventilatory function. Five 
(Cases 1 to 5) showed an abnormally high residual volume to total lung capacity 
ratio (RV/TLO). In 7 patients the index of intrapulmonary gas mixing was more 
than 2 per cent. If 30 per cent is considered as the upper limit of normal dead 
space ventilation and 6 per cent as the upper limit of normal venous admixture, 


respectively, then 6 patients in this group showed evidence of increased dead 


space ventilation and 7 patients showed evidence of increased venous admixture 


Impairment of the oxygen diffusion capacity of the alveolar-capillary mem 
brane was detected in 5 patients; 4 of these 5 were in the group having an in 
crease in the RV TLC ratio. 

One patient in the group showed no evidence of either impairment of ventila 
tion, perfusion, or diffusion, but did have an increased RV/TLC ratio (Case 4) 
Another patient (Case 8) showed only a slight reduction in ventilatory function, 
with normal residual volume and normal distribution and diffusion 


: ¥ 

iP 
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TABLE 1 


Pruysical CHARACTERISTICS, CLASSIFICATION, AND CuintcaL Data in 25 Cases oF 


PuLMONARY TUBERCULOSIS 


( lassification 
Duration*® of Diseasx Durationt of Chemotherapy 


sivanced 7 vears months 
2 D1 M 180 6Far advanced years 6 months 
M 1.59 Far advanced 12 years 6 months 
M 43 1.84 Far advanced a month 10 days 
1.89 months 
5 DD M 41 1.84) Far advanced 7 years 6 months 
6 M 1.51 Far advanced vears 3 months 
7 k. k M 30 1.790) Far advanced 5 months none 
M 19 1.74 Far advanced a } months months 
1.78 hb > months + Pnpm.} 
i) Iu M 51 1.46 Moderately 6 months 2 months 
advanced 
10 L.. I M 52 1.76 Moderately a 5 months 2 months 
advanced 
1.81 b months 
I V_R M 25 1.88 Moderately a 7 months 1 weeks 


advanced 


months 


12 244 1.56 Moderately 7 months 1 week 
advanced 
13 R.A M | 231.70 Moderately a) 2months 2 weeks 


addy anced 
1.34 h) 3 months 


14 M. Ek M 33 1.80 Moderately 1 month 2 weeks 
advanced 
15 J.P? M 55 1.68 Moderately 6 months 6 weeks 
advanced 
16 GD M 40 1.60 Moderately a 2 years none 
advanced 
1.67 b) 2 months + 
17 W.G M 1.73) Minimal 3 months none 
1S B.D I 241.60 Minimal 2 months 8 weeks 
19 J.B Mi 3 1.88 Minimal 6 months 7 weeks 
1.47) Miliary a 4 weeks 6 days 
1.52 b S months 
21 WoL | 20 $1.71) Miliary 7 weeks 3 weeks 
22 1.60) Unexpanda a) 14 years none 
ble lung 
1.) hb) 2 months postopera 
tively 
z vi 61.53) Fibrothorax a) 12 years 1 week 
1.52 b 2 months postopera 
tively 
24 I 44 1.06 Moderately 7 months 6 days 


advanced 


with effu 


sion 
25 H.s M | 24 1.77 Peritracheal 


lyvmphad 


months none 


enopathy 


* From the onset of symptoms or the first positive roentgenogram 


t From the start of drug therapy to time of study: a. initial study: b. follow up study 


Papm. = Pneumoperitoneum 
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TABLE 2 


Maximat Breatuine Capacity, Resipvat Votume, ann Totar Lune 


CAPACITY 


Capaciry 


in 25 Cases or Putmonary 


Normal 


H.s 


mn 
576 
170 
ia 
WA) 
570 
OSS 
622 
105 
570 
ish 
OOS 


Per 
Cent* 


i 
1a 
st 
Os 
131 
132 
107 
101 
124 


Timed 
ve 


Per Cent 


MKC 


1 Seconds Observed 


100 
100 
Os 
“7 
“7 
97 


Values 


172 
148 
78 
145 
164 
135 
16S 
167 
174 
131 
67 
SN 
116 


* Per cent of predicted normal value 


Per 
Cent* 


uh 
117 
75 
116 
103 
122 
10 
115 
70 
Os 
Os 
114 
SH 
117 
™) 


RV 


Observed 
Values 


Per 


249 
14 
137 
104 


127 


27 
52 
124 
147 
14 
170 


Observed 


Val 


~ 


& 


2 


= Index of intrapulmonary gas mixing, alveolar nitrogen after seven minutes 


oxygen breathing: a. initial study; 6. follow-up studies 

The following case report is given as a typical example of impairment of respira 
tion found in far advanced pulmonary tuberculosis 


Case 3. D. G., a 46-year-old Negro, was admitted to the Ohio Tuberculosis Hospital on 
January 12, 1953 
service because of roentgenographiec findings. From September, 1942, until March, 1943, he 
He felt 1952, at 


weight loss, productive cough 


His tuberculosis dated back to 1942 when he was rejected from military 
was hospitalized in a tuberculosis sanatorium well until the summer of 
which time he noticed weakness and shortness of breath 
on exertion 

On admission the chest roentgenogram revealed multiple cavitation surrounded by 
mottled densities in both upper lung fields, more extensive on the left. There was blunting 


of the right costophrenic angle. A slight scoliosis of the dorsal spine was noted 


RV 

vi = = 

LB 2 76 42 3,280 5,394 61 

2 DL 71 4,509 7,600 «#139 2 

- - 

i WB 71 2,424 6.364 117 38 
5 DD 100 3,058 7,216 134 42 5 

7 j 1 6.688 140 2 

cou Os 1, 168 1,674 25 5 
3 91 1, O85 5,325 105 ) 

2; 2 100 1,273 1243 164 30 

5 1 655 7,525 136 22 i 
14); M.E 1,619 5.919 114 27 

JP 3 1,547 6,113 100 30 

16 Gb 3 OS 1,276 1.576 

17 1,254 5.689 «(101 ) 
Is B.D 3 1,341 5,281 134 4 
aa 19 JIB 1,457 027 

» %J.T.a) 2 780 OS 3.320 SI 06 

b) 2 SS 791 | 98 3.468 8&7 10 

21; WoL 3 105 1,016 134 3.984 105 15 
F.B.a) 2 03 70; 3,190 89 18 

2 1,145 | 140 3,027) 87 1.2 

2 V. L. 2 71 684 95 2,654 1.1 

=" 2 78 77 735 | 92 2,795 0.8 

‘ 2h 3 72 77 | 1,790 | 171 | 4,820 W2 1s 
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Sputum was positive for acid-fast bacilli on microscopy. The patient was treated with 
streptomycin and para-aminosalicylie acid (PAS), with remarkable clinical improvement 
However, the roentgenogram of the chest at the time of the study (figure 1) showed per 
sistent bilateral cavitary disease with a slight diminution in the size of the cavities on the 


left and some clearing of the disease in the right upper lobe 


Physiologic evaluation of this patient revealed impairment of ventilation, 
increase in residual volume, dead-space ventilation, venous admixture, and a 


decrease in oxygen diffusion capacity of the alveolar-capillary membrane. 


V oderately Advanced Pulmonary Tuberculosis 


Of the 8 patients studied in this group, 2 showed an impairment of ventila 
tion; one, an increase in the RV, TLC ratio; 6, an increase in venous admixture ; 
and 3, an increase in dead-space ventilation. 

One patient (Case 15) in this group had a normal venous admixture in the 
presence of an increase in dead-space ventilation. In all the others, those with 
both moderately advanced and far advanced disease, an increase in dead-space 
ventilation was accompanied by either an increase in venous admixture alone 
or an increase in venous admixture and a decrease in the oxygen diffusion capac 
ity of the alveolar-capillary membrane 

The following case report is presented in detail to illustrate an impairment in 
respiratory gas exchange in the presence of normal ventilatory funetion and a 


normal residual volume 


Case 10.1. F.. a 52-vear-old white male, was admitted to the Ohio Tuberculosis Hospital 
on December 21, 1952. Symptoms consisting of a productive cough, might sweats, and 
weight loss were first noticed in July, 1953. A survey film taken in August, 1955, revealed 
disease in the right apex. Sputum was positive for tubercle bacilli 

On admission, when the first study was performed, the chest roentgenogram (hgure 2 
showed a partially shrunken right upper lobe in whieh some dense irregular areas of in 
filtration and a small cavity were present. The lower border of the diseased area was sharply 
delineated by the minor fissure. The left lung field was clear 

This patient Was studied on two occasions, one week after the start of streptomycin 
PAS therapy and again four months after chemotherapy was given. A ¢ hest roentgenogram 
taken at the time of the second study showed some clearing of the disease in the right 


upper lobe with closure of the cavity. The left lung was still uninvolved 


Physiologic evaluation of this case revealed normal ventilatory measurements 
a normal residual volume, a slight increase in dead-space ventilation, a marked 
increase in venous admixture, and a moderate impairment of the oxygen diffu 
sion capacity. After four months of chemotherapy, follow-up studies revealed 
these findings to be essentially unchanged in spite of roentgenographie evidence 


of improvement 


Minimal Pulmonary Tuberculosis 


Three patients with minimal tuberculosis were evaluated. Except for a very 
slight increase in venous admixture in one patient in whom the disease occupied 
the entire right supraclavicular region, all of the physiologic measurements fell 
within normal limits. 
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PULMONARY FUNCTION IN TUBERCULOSIS 


Fig. 1. Case 3 (D. G.) Par advanced pulmonary tuberculosis with bilateral eavitary 
disease. Physiologic evaluation revealed impairment of ventilatory function, increase in 
residual volume, dead space ventilation, and venous admixture as well as a decrease in 


oxygen diffusion capacity 


Mihary Tuberculosis 


Both of the patients with miliary tuberculosis who were studied showed a 
slight reduction in the maximal breathing capacity, with normal residual vol 
ume and arterial oxygen saturation. There was, however, a significant increase 
in venous admixture in both patients and an impairment of oxygen diffusion in 
one. The latter patient was studied again when the chest roentgenogram showed 


complete resolution of the disease process after three months of chemotherapy 


At this time the dead-space ventilation had decreased, venous admixture had 


returned to normal, and oxygen diffusion capacity had improved 
Miscellaneous Forms of Tuberculosis 


Unexrpandable lung 
Case 22. F. B. (figures 3a, 3b), a 42-year-old white female, developed an unexpandable lung 
during pneumothorax therapy which was initiated fourteen years before for the treatment 
of moderately advanced cavitary pulmonary tuberculosis. The right lung had remained 
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Pia. 2. Case 10 (L. F.) Moderately advanced pulmonary tuberculosis with a partially 
shrunken right upper lobe. Physiologic evaluation revealed an increase in venous admix 
ture, a slight increase in dead space ventilation, and impairment of oxygen diffusion in the 


presence of normal ventilatory function and a normal residual volume 


clear throughout this entire period, and there was no evidence of pleural effusion at any 
time. On admission a chest roentgenogram showed approximately 90) per cent collapse of 
the left lung. Bronchospirometry revealed the left side to be providing 20 per cent of the 
minute ventilation, 9 per cent of the oxygen uptake, and 9 per cent of the total vital capac 
ity. Physiologic measurements at this time showed a decrease in the maximal breathing 
capacity ind an increase in venous admixture 

A decortication, resection of residual foci, anda “tailoring” thoracoplasty were performed 


Two months after the operation, physiologic evaluation revealed a slight decrease in vital 


capacity, some increase in residual volume, and essentially no change in the respiratory 


Kins exchange measurements 


Fibrothoras 


Case 23. V. L. (figures 4a, 4b), a 31-year-old white female developed an extensive fibro 
thorax following four years (1942 to 1946) of pneumothorax treatment of the right lung 
Roentgenographic examination of the chest at the time of the study showed a shift of the 
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Fioes. 3 a and b. Case 22 (F. B 


a. (Left) Unexpandable left lung following fourteen years of pneumothorax therapy 
Physiologic evaluation revealed a reduction in the maximal breathing capacity and an 
increase in venous admixture 

b. (Right) Two months after a decortication, resection of residual foci of disease and a 
‘tailoring’ thoracoplasty. Physiologie evaluation at this time reveals a slight reduction 
in the vital capacity, an increase in the residual volume, but essentially no change in re 


spiratory gas exchange measurements 


Fics. 4a and b. Case 23 (V. LL 


a. (Left) Extensive fibrothorax of the right lung following four years of pneumothorax 


therapy Physiologic evaluation showed a reduction in ventilation, a decrease in total lung 


volume, and an increase in venous admixture 
b. (Right) Two months after a pneumonectomy, excision of phrenic nerve and “tailor 
ing”’ thoracoplasty. Ventilatory function was reduced; respiratory gas exchange improved, 


as shown by a de« rease in venous admixture 
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trachea to the right, pleural thickening, pleural effusion, and approximately 70 per cent 
collapse of the right lung. The left lung appeared clear. Bronchospirometry revealed poor 
ventilation and no evidence of oxygen uptake on the diseased side. Physiologic evaluation 
at this time showed reduction in ventilatory function, a decrease in total lung volume 
and an increase in venous admixture 

A pneumonectomy, excision of the phrenic nerve, and a “‘tailoring’’ thoracoplasty were 
performed. Function studies were repeated two months after the operation. Although the 
ventilatory funetion was reduced, there was a definite improvement of respiratory gas ex 


change as shown by a decrease in venous admixture 


Pleurisy with effusion 
Case 24.D.V., a -year-old white female, with moderately advanced pulmonary tubercu 
lowia developed pleurisy with effusion on the right. Physiologie evaluation three weeks 
after the onset of the pleurisy revealed a decrease in lung volume measurements and in 


ventilatory function, as well as an increase in venous admixture 


Peritracheal tuberculous lymphadenitis: 


Case 26.01. 8., a 24-year-old Negro, was hospitalized as a diagnostic problem. A chest roent 
genogram on admission revealed enlarged lymph nodes in the right hilum and right upper 
mediastinal area. Bronchography and bronchoscopy findings were normal. Physiologic 
measurements made shortly after admission showed decreased ventilatory function, in 
creased residual volume, arterial oxygen unsaturation, and an increase in venous admix 
ture. Gastric washings cultured at the time of admission were positive for tubercle bacilli 


DISC@USSION 


An interplay of the forces of destruction and repair are constantly taking 
place in pulmonary tuberculosis. The variations of this disease process are end- 
less and, consequently, no specific single type of respiratory impairment is typ- 
ical. In minimal pulmonary tuberculosis, in which the lesion is confined to a 
relatively small area, no abnormalities of ventilation and lung volume measure- 
ments are demonstrable. However, if the disease process occupies a segment or 
more, a slight increase in venous admixture may be discernible. 

In moderately advanced and far advanced pulmonary tuberculosis, in which 
the process of destruction is more extensive, impairment of respiratory function 
is commonly seen. 

An increase in the residual volume, RV/TLC ratio of more than 35 per cent, 
and a reduction in the maximal breathing capacity have been widely used as an 
expression of pulmonary distention, suggestive of pulmonary emphysema. Using 
this criterion, there is a greater incidence of an emphysema pattern in patients 
with far advanced tuberculosis than in those with moderately advanced tubercu- 
losis. In Cases | to 4 of the present study, the high RV “TLC ratio was also associ- 
ated with a low oxygen diffusion capacity. This is further evidence of the presence 
of emphysema. It is not possible to determine whether the emphysema existed 


prior to the onset of the tuberculous process or developed as a result of the dis- 


ease, A determination of the residual volume on 40 patients with far advanced 
pulmonary tuberculosis revealed an incidence of 58 per cent with an RV/TLC 
ratio of more than 35 per cent and only 38 per cent of 26 patients with a similar 
finding in the group with moderately advanced disease (20). These findings are 
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thought to indicate that the emphysema is of secondary nature to the tubercu 
lous process in most instances. The presence of emphysema is further sub 
stantiated by a greater decrease in the maximal breathing capacity than in the 
vital capacity. 

Case 5 merits special consideration in that this patient had excellent ventila 
tory function with a marked increase in the residual volume and its ratio. It is 
conceivable that this represented a simple overdistention of the lung not char 
acterized by obstruction or loss of lung elasticity. Excluding this case, all of the 
other patients with a RV/TLC of 35 per cent or more showed an increase in 
dead-space ventilation and in venous admixture, while 4 of 5 revealed an im 
pairment of the oxygen diffusion capacity. 

The impairment of the diffusion capacity in these patients is perhaps due to 
a reduction in the effective alveolar diffusion surface. The increase in venous 
admixture and in dead-space ventilation is due to an abnormal distribution of 
air and blood in the lungs. 

Case 10 also illustrates another interesting situation. In spite of normal ven 
tilatory function and a normal residual volume, a marked increase in venous 
admixture and a decreased oxygen diffusion capacity of the alveolar membrane 
were observed, It should be borne in mind that normal ventilatory funetion and 
lung volume measurements do not guarantee normal respiratory gas exchange 

It is well accepted that pulmonary tuberculosis causes an obliterative endat 
teritis (21). The finding of an increased venous admixture in pulmonary tuber 
culosis would indicate the presence of alveoli which are poorly ventilated but 
well perfused, and would also indicate that the endarteritis is incomplete, The 
extent of the disease process in which an increase in venous admixture could be 
detected was at least one segment or more. This does not imply, however, that 
the abnormality is always present in disease occupying an area greater than one 
pulmonary segment. It would depend to some extent upon the completeness of 
the obliterative endarteritis. An increase in venous admixture was slight in the 
presence of a widely scattered fine nodular infiltration such as was seen in pa 
tients with far advanced pulmonary tuberculosis (Cases 7 and 8 

It is of interest to note that the pleural involvement of one lung, as seen in 
Cases 22, 23, and 24, gave’ approximately the same or a greater degree of im 
pairment in respiratory gas exchange as did miliary tuberculosis 

In the patient with peritracheal lymphadenopathy (Case 25) studies revealed 
an increase in venous admixture and arterial oxygen unsaturation out of pro 
portion to the disease process present The possible obstruction created by the 
lymphadenopathy and the emphysema were insufficient to account for this ab 
normality. A direct intracardiac or intrapulmonary shunt was suspected; never 
theless, inhalation of pure oxygen for fifteen minutes yielded full oxygen satura 
tion of the arterial blood. It is possible that this patient had more pulmonary 
involvement than was evident by roentgenographic and clinical examinations 

No definite relationship between age, known duration of the disease, and the 
findings of physiologic testing was observed. In one patient with miliary tuber 
culosis a marked improvement of diffusion was noted after three months of 
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chemotherapy. Severa| other patients studied on tWO Occasions while receiving 
chemotherapy failed to show any appreciable change in the 
of roentgenographic evidence ol resolution 


administered lor two to three and one 


ir findings, in spite 
This suggests that chemotherapy 
half months does not significantly reverse 
ventilation-perfusion mpairment in that period of time 


Following a neumonectomy, the patient of Case 23 showed improvement in 


arterial oxygen saturation, decrease jin venous admixture and dead-space ventila- 
tion in the presence of reduced ventilatory function, and 


increased residual] 
volume 


The improvement jn arterial oxygen saturation and decrease in venous ad- 
mixture and in dead “pace ventilation may have resulted from 
poorly funetioning lung. On the other hand. the reduction in ve 
Is not to be expected by removal of poorly ventil 


the removal of 
ntilation w hich 
ating lung may have been caused 
by an impairment of rib and diaphragmatic motion resulting from the right 
thoracoplasty and Phrenicectomy. In contrast, in Case 22, in which a decortica- 
Hon, resection of residual disease, and a “tailoring” thoracoplast y were performed, 
no improvement in either ventilation or respiratory gas exchange could be dem.- 
onstrated two months after operation. The failure of gi 
after decortication in this case may be re 


resected portion of the left lung 


is exchange to improve 
lated to impaired function in the un- 


SUMMARY 
Pulmonary funetion studies in 25 selected cases of pulmonary tuberculosis 
have been presented. The data Suggest that unequal alveolar aeration and per- 
fusion characterized by an increase in venous admixture are commonly encoun- 
tered respiratory abnormalities in pulmonary tuberculosis, 
\ close relationship bet ween the extent of the disease process and the develop- 
ment of a pulmonary emphysema pattern. characterized by an ineres 


ase in the 
residual volume and a reduction in the maximal breathing capacity, was observed. 


Patients with chronic pulmonary tuberculosis studied while recs 
therapy failed to reveal any significant change in ventilation-perfu 
ships when these studies were repe 


“ving chemo- 
sion relation- 
ated two to four months later. 

Respiratory impairment in several speci 


al types of tuberculosis involvement 
Was presented and discussed. 


SUMARIO 
Estudios del Dete riore dela F 


uncion Ke &ptrator 7a eon la T whe rculosia Pulmonar 
Preséntanse estudios de Ia funecidn pulmonar en 25 ©4808 seleccionados de tuberculosis 


pulmonar Los datos Ssugieren que una Sereacion y una perfusion alveolares irregulares 


faracterizadas por aumento de la mezela Venosa son anomal{(as respiratorias encontradas 
cominmente en la tubers ulosis pulmonar 
ODserveime una relacion intima entre la extension del proceso morboso y Ia aparicion de 


UD patron de enfisema pulmonar, earacterizado por aumento del volumen residual y reduc 


cron de la capacidad respiratornia méAxima 


Los enfermos que tenfan tuberculosis pulmonar erdniea. estudiados mientras recil 


tan 
no revelaron mayor 


alteracién de las relaciones entre ventilacion y perfusién 
cuatro meses después 
Disctitese el deteriora respiratorio e 


al repetirse estos estudios de dos a 


varias formas especiales de afeccién tuberculosa 
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RESUME 
Recherches sur l'alteration de la fonction espiratoire dans la tuberculose pulmonaire 


dar 
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ear 


Présentation d'une étude de la fonetion respiratoire dans la tuberculose pulmonaire 
8 25 caus sélectionnés. Les données suggerent que la ventilation et la circulation alvéo 
ineg sles caractérisées par accroissement du mél ge de s ing sont des ano 
lies fréquemment rencontrées dans la tuberculose du poumon. Les auteurs ont observé 
»corrélation étroite entre l'étendue du processus pat hologique et le développe ment des 


wctéristiques de l’emphyséme pulmonaire, ce'est A dire l'augmentation du volume résiduel 


et la réduction de la capacité respiratoire maxima 


n'o 


cen 


tul 


Ma 


atu 


10 


Les cas de tuberculose pulmonaire chronique, étudiés au cours de la chimiothérapie 
nt pas montré une modification appréciable des rapports ventilation-cireulation, quand 
recherches ont été reprises de deux A quatre mois plus tard 

L’altération de la fonetion respiratoire dans plusieurs ty) pes particulers de lésions 


erculeuses est déerite et discutée 
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INTRODUCTION 


In recent years, we have witnessed an era of rapidly changing indications for 
pulmonary resection for tuberculosis. Since the advent of antituberculous chemo- 
therapy, resection is emerging as the surgical treatment of choice in tuberculosis, 
replacing collapse therapy (1, 2). Surgical excision, when applicable, has become 
an accepted part of an integrated program of treatment in pulmonary tubercu- 
losis along with long-term chemotherapy and rehabilitation 

This paper presents a clinical and statistical analysis of 201 consecutive pul 
monary resections in 200 patients at the Glenn Dale Hospital between July, 
1949, and March, 1954. The indications for pulmonary resection, the type of 
operation, postoperative complications, and the results will be discussed. 


GENERAL BACKGROUND OF OPERATIVE GROUP 
Age, Sex, and Race 


In the 200 cases, there were 66 white patients, of whom 21 were male and 
15 female; 130 Negroes, of whom 47 were male and 83 female; and 4 male 
Orientals were included. The age, sex, and race distribution is shown in figure 1. 
Females predominated in the early age groups, but, in those more than forty 
vears of age, the distribution between the sexes was approximately equal 


Procedures Employed 


All patients undergoing pulmonary resection for tuberculosis were treated 
with one or more antimicrobial drugs in various combinations for various pe- 
riods. The drugs used were streptomycin, isoniazid, and para-aminosalicylic 
acid (PAS). Early in the series, it was believed that one to three weeks of such 
treatment preoperatively was sufficient. In the more recent cases, resection was 
withheld until chemotherapy had produced maximum resolution of the lesion as 
demonstrated by roentgenogram. Chemotherapy was continued for at least six 
months after the operation 

Individual ligation of the hilar structures was employed in 200 instances. In 
one right lower lobectomy, a mass ligature technique was necessitated by densely 
searred hilus. All operations except three were performed in the lateral reeum- 


bent position. The exceptions were done in the prone position 


From the Surgical Service, Glenn Dale Hospital, Glenn Dale, Maryland; and De 
partment of Public Health, District of Columbia 

* Presented at the mee ting of the Kastern Section of the American Trudeau Society 
Washington, D. C., October, 1954 

‘Present address: 44th General Hospital, APO) #58, % Postmaster, New York, New 
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All resections, except seven, were performed in one stage. These seven two- 
stage cases consisted of two pneumonectomies, four upper lobectomies, and one 
segmental resection. These cases were staged either because difficult dissection 
required an unusually long time or because the patient’s general condition would 
not permit the surgeon to complete the operation safely. 

One patient had a concomitant left upper lobectomy and thoracoplasty be- 
cause of a destroyed lobe. Five months later, in the superior segment of the 
left lower lobe, a cavity appeared and a superior segmental resection was subse- 
quently performed 

The types of pulmonary resection are listed in table 1. “Upper lobectomy” 
includes upper lobe resection alone or with concomitant or subsequent thoraco- 
plasty, superior segmental resection, or a wedge resection of another lobe. 


Indications for Resection 


The indications for pulmonary resection for tuberculosis which were used are 
classified into seven groups, as listed in table 2. 

Persistent cavitary disease; In the category of persistent cavitary disease 
were the cases in which cavitation persisted in spite of roentgenographic improve- 
ment or stability. Those patients with giant or tension cavities were included. 
This was the most common indication for resection of one or part of one lung 
or lobe. In the 45 earlier cases of this series, pulmonary resection was preceded 
by unsuccessful collapse therapy, such as pneumothorax, pneumoperitoneum, 
or phrenic crush. However, thoracoplasty failures were excluded from this group. 

Destroyed lung or lobe: The destroyed lung or lobe group included those cases 
in which one lung or lobe was extensively involved, usually with multiple cavi- 
ties, bronchiectasis, and atelectasis. Many of the cases were the end result of 
medically treated extensive bilateral disease. Surgery was indicated for the pur- 
pose of removing that lobe which continued to be the major source of infection. 

Thoracoplasty failure: Those patients who had persistent cavitary disease with 
sputum positive for tubercle bacilli, in spite of a satisfactory anatomic collapse 
by thoracoplasty, fell into the group. In none of the cases was failure of thoraco- 
plasty due to inadequate surgery, such as failure to remove transverse processes, 
insufficient rib resection, or long anterior stumps. It is believed that the thora- 
coplasties failed because of giant cavities, spread of disease to the base, endo- 
bronchial disease, or bronchiectasis (3). 

Residual casee-necrotic disease: The residual caseo-necrotic focus or foci which 
remained in the lung after maximum resolution following chemotherapy con- 
stituted another indication for pulmonary resection. Tuberculomas were in- 
eluded in this group. The decision for pulmonary resection in this group of pa- 
tients was most difficult to make. When the lesion had reached the ‘‘therapeutic 
target point” (4), the debatable question was always surgical extirpation of the 
disease versus continued chemotherapy. If the patient fell into one or more of 
the following categories, history of reactivation of pre-existing disease with or 
without prior chemotherapy, poor socio-economic condition, or failure of the 
patient to cooperate in medical treatment, pulmonary resection was recom- 
mended. 
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TABLE 2 
INDICATIONS FoR PuLMONARY ReEsEcTION 


Persiatent cavitary disease a 
Destroyed lung or lobe 24 
Thoracoplasty failure 16 
Residual caseo necrotic disease 15 
Bronchostenosis 
. Diagnostic problems 7 
‘ 


Bronchiectasis 


Total 


Bronchostenosis: The group with bronchostenoses included patients with ac- 
tive pulmonary tuberculosis complicated by considerable narrowing of the main 


or a lobar bronchus as demonstrated by bronchoscopy. 

Diagnostic problems: In this group of 7 cases, the primary indication for 
thoracotomy was suspected malignant disease of the lung. However, chemo- 
therapy was started prior to surgery and pulmonary resection was performed. 


Tuberculosis was diagnosed by frozen section and confirmed by paraffin section 


in all of the 7 cases 
Bronchiectasis: The group with bronchiectasis consisted of 2 patients in whom 


parenchymal pulmonary tuberculosis was associated with bronchiectasis and 


persistent hemoptysis 


OBSERVATIONS 


Complications 


The postoperative complications, as related to the type of pulmonary resec- 


tions, are listed in table | 
Atelectasis: Postoperative atelectasis occurred in a total of 18 patients. In 


each case, the collapse was on the operative side (eleven on the right and seven 
on the left) 

There were eleven concomitant upper lobeetomies and thoracoplasties per- 
formed on each side. These resulted in postoperative atelectasis in 5 patients 
after left resection, and in 2 patients after right resection. 

All patients with atelectasis were treated with bronchoscopic aspiration, re- 


sulting in complete re-aeration of the lung. 
Bronchopleural fistula and empyema: Sixteen patients developed broncho- 


pleural fistulas following pulmonary resection. These are classified into three 


categories: 


Eight patients had bronchopleural fistulas and empyemas, Six were successfully 
treated by open drainage of the empyema and thoracoplasty. Aspiration combined 
with thoracoplasty controlled this condition in another patient. The remaining 


patient had a sufficient collapse from an earlier thoracoplasty to permit spontaneous 


healing of the post-pneumonectomy bronchopleural fistula, 
In 5 patients, persistent leakage of air without frank empyema required water 
sealed drainage for periods of seven to fourteen days. In 4 of these, a three- or four 
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rib thoracoplasty was ultimately performed to obliterate the potentially infected 
space. In the fifth, complete re-expansion occurred spontaneously 

Three patients had small fluid pockets remaining in the apices. In each case, the 
fluid was apparently coughed up spontaneously through a small bronchopleural 


fistula approximately eight weeks after resection, leaving an apical pneumothorax 


The space was closed by thoracoplasty 


Shock. Hemorrhagic shock occurred in 6 patients, either during or within a 
few hours after the completion of surgery. Two patients failed to respond to 
transfusions of whole blood and died, following pneumonectomies (deaths No. | 
and No. 2, table 3). Three other patients responded readily to transfusions of 
compatible whole blood. One patient, with adequate blood replacement, devel- 


oped profound shock three hours after a concomitant right upper lobectomy and 


thoracoplasty and failed to respond to further blood transfusions. Intravenous 


nor-epinephrine and intramuscular cortisone resulted in complete recovery 
from the shocklike state 
Spread and reactwation of tuberculosis: Spread indicated the appearance, dur 


ing the immediate postoperative period, of new infiltration, presumably tuber 


culosis, in roentgenograms of the chest. All four “spreads” occurred following 


left pneumonectomies. One patient died (death No. 4, table 3) and, in the other 


three, the disease became inactive after long-term chemotherapy 


Four patients had reactivation of the pre-existing disease: 2 in the ipsilateral 
side and the other 2 in the contralateral side. Three recovered, and one died of 


cor pulmonale (death No. 7, table 3) 
Spontaneous pneumothorax: In 4 patients, the lung re-expanded completely 
within twenty-four to forty-eight hours following the resection, and the subse 


quent roentgenograms of the chest showed complete re-expansion of the lung 


prior to the development of spontaneous pneumothorax. In each case, the pa 


tient suddenly was seized with sharp pain in the chest eight or more days after 


the operation. The chest films demonstrated a pneumothorax, distant from the 


site of pulmonary resection, where the lung appeared to be completely expanded 


and adherent. Two patients required no treatment. The lungs in the other 2 


patients re-expanded completely with closed drainage for two or three days 
Hemothorax: Hemothorax occurred in 4 patients. A considerable amount of 
blood drained through the intercostal tubes, and an apical pocket of hemothorax 


remained. In one patient, no further therapy was needed. In 2 other patients, 


bronchopleural fistulas developed, closed spontaneously, and four-mb thoraco 


plasties were performed with good results. In the fourth patient, trypsin was 


injected into the hemothorax on the twentieth postoperative day. A broncho 


pleural fistula and empyema developed within twelve hours and were success 


fully treated by open drainage and a seven-rb thoracoplasty 
Pulmonary edema; Your patients developed pulmonary edema within twelve 


hours after resection. Three patients died in spite of vigorous treatment with 


rapid digitalization, morphine sulfate, oxygen with or without positive pressure, 
and bloodless phlebotomy. In the fourth patient, although the estimated blood 
a total of 2.500 ec. of whole blood, 500 cc. of five 


loss was recorded as 1500 ec., 
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per cent dextrose in water, and 400 cc. of normal saline were inadvertently given 
during the left pneumonectomy. This patient recovered following treatment. 

Pleural effusion: An excessive amount of apparently sterile intrapleural fluid 
developed in 3 patients, requiring repeated thoracenteses. In one patient, the 
effusion continued to form until the apical hydropneumothorax was closed by a 
four-rib thoracoplasty. All 3 patients recovered from this complication 

Miscellaneous complications: The 2 patients with massive pulmonary emboli 
died (deaths Nos. 5 and 6, table 3). One patient developed progressive cor pul- 
monale and died twenty days postoperatively (death No. 7, table 3). 

Two patients developed tuberculous sinus tracts in the incision one and twelve 
months following left pneumonectomies. One was treated conservatively with 
antituberculous chemotherapy; and the other, by excision. Both patients re 
covered. 

All patients who developed the other complications listed in table 1 recovered. 
Postoperative deaths: In the present series, there were 7 (3.5 per cent) post 
operative deaths in 201 consecutive pulmonary resections for tuberculosis 

(tables 3 and 4). All occurred within sixty days following surgery. 


Therapeutic Results 


It was not possible to locate 5 of the 200 patients following their discharge 
from the hospital. As there were 7 postoperative deaths, the subsequent obser 
vation is reported on 188 patients as of August, 1954 

The length of follow-up and the information available on these 188 patients 
are indicated in table 5. The follow-up status as related to the type of resection 
is given in table 6. 

One hundred and fifty-seven patients (83.5 per cent) had no tuberculous com- 
plications during the follow-up period. Their serial roentgenograms of the chest, 
at regular intervals, show normal pulmonary findings or do not show any active 
tuberculosis. Four patients had late spread or reactivation of pre-existing disease 
during the follow-up period, and their pulmonary tuberculosis is classified as 
inactive or arrested 

The work status of 161 patients, 157 with no tuberculous complications and 
i with late spread of disease is as follows: 58 patients are doing full-time work; 
and 15, part-time work. The work status of the remaining 88 patients is undeter 


mined. 

TABLE 4 

Morratity as Recatev Tyre or 
Number of Postoperative Total 
Type of Operation Operations Deaths Late Deaths Mortality 
Pneumonectomies (10.3% 2 (5.1% 6 (15.4%) 
Lobectomies 132 2 1.5% 2 (1.5% 4 3.0%) 
Segmental and wedge resections 30 0 1 (3.3%) 
Totals 201 7 (3.5% 4 (2.0% 11 (5.8% 


rus 
Pr 
rt 
44 
4 
4 
4 


SZE, SAMADI, AND CONANT 


TABLE 5 
Fo.vow-ve Stratus oF 188 Patients 
Late Spread of Active 


Duration Observed Number Uncomplicated Disease, Patient Hospitalized Disease; Not 
Now Well Hospitalized 


6 to 12 months 7 51 (76 , 2 (17 
1 to 2 years 

2 years 


5 to 6 years 
Total 


TABLE 6 


ve Sratrvus as Retatrev To Tree or Resection 


Number 

Patients 

Obeerved 


Late Spread of Active 
Uncomplicated Disease; Patient Hospitalized Disease, Not Late Deaths 
Now Well Hospitalized 


Pneumonec 25 (78.8% 1 (3.0% : 1 (3.0% 
tomy 

Lobectomy 85.7% 2 (1.6% 

Segmental and 3 7 J 1 (3.4% 
wedge re 


section 


TABLE 7 


ANALYSIs oF THE IS Stitt Hosprratizep PATIENTS 


Length of Follow up Number of Patients il 


} to 12 months 
to 2 years 
3 years 


years 
Total Is 


I. Prolonged hospitalization because of pre-existing extensive bilateral tuberculosis 

Il. Prolonged hospitalization because of postoperative complications, now completely 
controlled 

I1l, Contralateral pulmonary resection for pre-existing tuberculosis 

IV. Late spread or reactivation of pre-existing tuberculosis 


The 18 hospitalized patients are classified into the following four categories 
(table 7): 


I. Five patients have had prolonged hospitalization because of pre-existing 
extensive bilateral tuberculosis. They are all being rehabilitated and will be dis 
charged in the near future 


— 
ll 
Deaths 
Wee 9%) 2 (3.0%) 2 (3.0% 
1 (1.4% 1 (1.4% 
ie 7% 1 (3.3% 0 
1%) 1 (7.1% 1 (7.1% 
0 
1 (100% 0 0 0 0 
ISS 157 (83.5% (2.1% 1S (9.6%) (2.7% 4 (2.1% 
2 6.1% 
4 2 (1.6% 
‘ 
Total ISS 1ST (83.5% (2.1% (9.6%) 5& (2.7% 4 (2.1% 
‘ 
‘ 
IN 
.: 2 0 0 0 2 
Up 3 0 0 0 | 
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If. Eight patients have had prolonged hospitalization because of postoperative 
complications 

III. One patient required contralateral upper lobectomy for pre-existing tuber 
culosis 

IV. Four patients are hospitalized for late spread or reactivation of pre-existing 


tuberculosis 


Five patients still have active pulmonary tuberculosis but are not hospitalized 
(table 5). Two of the 5 are improving under chemotherapy administered on an 
ambulatory basis 

Nine Negroes and 2 white patients had late spread or reactivation of pre- 
existing tuberculosis during the follow-up period. Their present status is as 
follows: 4 patients are still hospitalized and have shown consistent roentgeno 
graphic improvement; one has pulmonary tuberculosis classified as arrested; 3 
are classified as inactive; 2, active improved; and one is dead 

There are 4 late deaths (tables 3, 4, and 5), only one of which was due to 


pulmonary tuberculosis 


DISCUSSION 


The age, color, and race of the patients in the present series (figure 1) indicate 
the differences between tuberculosis in the Negro and white and between the 
two sexes. These differences can be summarized as follows (5, 6): In the Negro, 
the younger age groups are relatively more affected; and in the younger groups, 
the females are more affected; in the older groups, the males 

The young females, Negro and white, made up the largest group of resections 
in this series. This was due to the great incidence of acute caseo-pneumonic dis- 
ease successfully controlled with chemotherapy. The remaining cavitation was 
suitable for resection (7, 8). 

In the earlier cases of the present series, a three- or four-rib thoracoplasty was 


performed routinely following an upper lobectomy in order to prevent over 


NO.OF 
PATIENTS WHITE NEGRO ORIENTAL 


0-10 yrs. 11-20 21-30 31-40 41-50 51-60 61-70 


kia. 1. Age, sex, and race of 200 patients 
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distension of the remaining lung and reactivation of the residual disease. At 
the present time, with the protection of postoperative chemotherapy for at 
least six months, a prophylactic thoracoplasty is no longer performed as a rou- 
tine. Instead, the procedure is reserved for the patient with a residual pleural 
space caused by incomplete re-expansion of the remaining lung, or with a bron- 
chopleural fistula. A five- or six-rib thoracoplasty is still performed following a 
pneumonectomy, however, in order to avoid late cardiorespiratory symptoms. 

In this series all complications which occurred within sixty days after pulmo- 
nary resection were included. Most of the papers in recent literature (9-12) 
only list the principal complications following surgical extirpation; that is, 
bronchopleural fistula, empyema, spread or reactivation of pre-existing disease, 
and tuberculous infection of the chest wall. 

The incidence of bronchopleural fistula and empyema in the present series is 
relatively high, especially in lobectomies (6.8 per cent and 3 per cent respectively, 
table 1). Of 3 bronchopleural fistulas following hemothorax, 2 developed empy- 
ema. It is believed that, if subsequent thoracotomies were performed as soon as 
the patient's general condition permitted in order to evacuate the blood clots 
and, if necessary, to decorticate the lung, these complications might not have 
occurred. 

It has been generally believed that, when a bronchopleural fistula develops, 
the infected intrapleural fluid is suddenly released into the bronchial tree to be 
followed by spread of disease. No “spreads” could be demonstrated in the fistula 
cases of the present series, nor has the occurrence of bronchopleural fistula to 
date shown late untoward effect upon the present status of the patients. 

Six Negroes and 2 white patients developed reactivation of the pre-existing 
disease or new “spread” in the postoperative period. Four postoperative 
“spreads” (table 1) occurred following pneumonectomies performed in lateral 
recumbent position. It is possible that these “spreads” might not have occurred 
if the prone position had been employed. One death (death No. 4, table 3) might 
have been avoided also (13). 


SUMMARY 


Two hundred and one consecutive pulmonary resections in 200 patients per- 
formed between July, 1949, and March, 1954, were studied. In the 200 cases, 
there were 130 Negroes, 66 white patients, and 4 Orientals. Females predomi- 
nated in the early age groups, but sex distribution was approximately equal in 
those more than forty years old. 

Antituberculous chemotherapies were employed in all cases in various com- 
binations and for various periods, 

The indications for pulmonary resection were persistent cavitary disease, 
destroyed lung or lobe, thoracoplasty failure, residual caseo-necrotic disease, 
bronchostenosis, diagnostic problems, and bronchiectasis. Each indication was 
discussed. 

Seven two-stage operations were performed, with good results. The types of 
pulmonary resection and the complications in relation to each type were listed. 
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Management of the complications was discussed. The principal tuberculous 
complications were as follows: bronchopleural fistula, 8 per cent; empyema, 4 
per cent; spread of tuberculosis, 2 per cent; reactivation of pre-existing tuber 
culosis, 2 per cent; tuberculous infection of the chest wall, 1 per cent. There 
were 7 postoperative deaths (3.5 per cent) and 4 late deaths (2 per cent). The 
total mortality was 5.5 per cent. 

Excluding the 7 postoperative deaths and 5 patients with no follow-up, 188 
patients were traced. Of the 188 patients, 161 are well, 18 are hospitalized, 5 
have active pulmonary tuberculosis but are not hospitalized, and 4 patients are 
dead. The work status of 161 well patients was analyzed. 


SUMARIO 
La Reseccién Pulmonar por Tuberculosis: Lo Observado en 200 Enfermos Consecutivos 


Este estudio comprende 201 resecciones pulmonares consecutivas ejecutadas en 200 
enfermos entre julio de 1949 y marzo de 1954. De los 200, 66 eran de raza blanea y 130 de 
raza negra y 4 de raza Oriental. Las mujeres predominaban en los grupos de edad més 
tierna, pero la distribucién por sexos era aproximadamente igual en las personas de més de 
cuarenta afios 

En todos los casos, se emplearon agentes quimioterapéuticos antituberculosos en varias 
combinaciones y por més o menos tiempo 

Las indicaciones para la reseecién pulmonar fueron afeccién cavitaria persistente 
destruceién de un pulmén o 6bulo, fracaso de la toracoplastia, enfermedad caseo neerdética 
residual, broncostenosis, problemas de diagnéstico y bronquiectasia. Se discute cada 
indicacién. 

se ejecutaron siete operaciones en dos tiempos, con buenos resultados Se enumeran las 
formas de reseccién pulmonar verificadas y las complicaciones en relacién con cada forma 
Se discute la asistencia de las complicaciones. Las principales complicaciones tuberculosas 
fueron: fistula broneopleural, 8 por ciento; empiema, 4 por ciento; difusién, 2 por ciento 
reactivacion de una tuberculosis preexistente, 2 por ciento, infeecién tuberculosa de la 
pared tordcica, | por ciento. Hubo 7 muertes postoperatorias (3.5 por ciento) y 4 tardfas (2 
por ciento). La mortalidad total fué de 5.5 por ciento 

Excluyendo las 7 muertes postoperatorias y 5 enfermos perdidos de vista, se did con 188 
enfermos. De éstos, 161 se hallan bien, 1S estan hospitalizados, 5 tienen tuberculosis activa, 
pero no estan hospitalizados, y 4 han fallecido. Se analiza la capacidad para el trabajo de 


los 161 enfermos sanos 


RESUME 
Résection pulmonaire dans la tuberculose: Expérience acquise dans 200 cas conséeutifs 


Deux cent-une résections pulmonaires consécutives, effectuées chez 200 patients entre 
juillet 1949 et Mars 1954, ont été étudiées. Ces 200 cas comprenaient 66 blancs et 130 négres 
et 4 jaunes. Les femmes prédominaient dans les groupes jeunes, mais la répartition des 
sexes était sensiblement égale chez les sujets au-dessus de quarante ans 

Les agents chimiothérapeutiques antituberculeux furent employés dans chaque cas en 
combinaisons et périodes variées 

Les indications de la résection pulmonaire étaient les lésions cavitaires persistantes, la 
destruction d’un poumon ou d’un lobe, l’échee de la thoracoplastie, les lésions caséo 
nécrotiques résiduelles, la sténose bronchique certains problémes diagnostiques et la 
bronchectasie. Chacune des indications est étudiée 

Sept opérations en deux temps ont été effectuées avee de bons résultats. Les proeédés 


de résection pulmonaire du type Tye et les complications en relation avee chacun d’eux 


Mi 
a, 
ta 
ay 
: 
; 
> 
an 
| 
ber 
; 


360 SZE, SAMADI, AND CONANT 


sont enregistrés. Le traitement des complications est diseuté. Les principales complications 
d’ordre tuberculeux sont les suivantes: fistule broncho pleurale, 8%; empyéme, 4%; dis 


sémination, 2%; réactivation d'une tuberculose préexistante, 2%, tuberculisation de la 


parois thoracique, 1%. Ul vy «a eu 7 déchs post opératoires (3, 5%) et 4 déchs tardifs (5, 5% 
A l’exclusion des 7 décés post opératoires et de 5 cas n’ayant pu é@tre suivis, ISS malades 
ont 6té retrouvés. Parmi ces 188 malades, 161 sont bien portants, 1S sont hospitalisés, 5 


ont une tuberculose pulmonaire en activité, mais sans hospitalisation, 4 sont morts. Les 


auteurs analysent la capacité de travail des malades bien portants 


icknowledqment« 
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A MICROCOLONIAL TEST FOR THE RECOGNITION OF VIRULENT 
MYCOBACTERIA' 


IRVING KRASNOW, LAWRENCE G. WAYNE, ann DAVID SALKIN 
(Received for publication August 9, 1954 


INTRODUCTION 


Acid-fast bacilli are occasionally cultured from man which, by reason of un 
usual colonial morphology, rapid growth, or resistance to antimicrobials, may 
be questioned as to their virulence or etiologic significance. Animal inoculation 
has been the standard procedure for the determination of the virulence of such 
organisms. In recent years, several in vitro tests have been deseribed which appear 
to aid in the recognition of virulent mycobacteria. For example, Middlebrook, 
Dubos, and Pierce (1) observed that the ability to form cords is associated with 
virulence. Dubos and Middlebrook (2) reported that virulent mycobacteria give 
rise to a characteristic “cytochemical reaction” with alkaline neutral red solu 
tion. Paraf and associates (3) obtained similar results with Nile blue. Bloch (4 
noted a time differential in the decolorization of methylene blue by virulent and 
avirulent mycobacteria, and Wilson, Kalish, and Fish (5) employed four in 
dophenol dyes with similar results. Two other suggested tests include the de 
termination of urease activity (6) and aryl sulphatase activity (7 

Of the phenomena listed above, the neutral red reaction and cord formation 
have been the most widely accepted as differentially significant (S11). Although 
these two criteria appear to be more reliable than the others, they do not, in 
dividually, conform completely with results obtained by animal inoculation 
For example, Richmond and Cummings (8) and Morse, Dail, and Olitzky (11) 
reported organisms which were nonpathogenic for animals but were neutral red 
positive. On the other hand, Hart and Rees (12) and Richmond and Cummings 
(8) have studied avirulent strains of tubercle bacilli which were neutral red nega 
tive but showed cording. Corded avirulent mycobacteria have also been observed 
in the present laboratory 

\ review of the literature thus shows that an organism may be positive by 
just one of these criteria and still be nonpathogeme for laboratory animals 
On the other hand, the present writers have not encountered any evidence of 
virulent mammalian tubercle bacilli which were negative by either eriterion 
There has been only one organism described, the “radish saprophyte’’ (8), which 
was avirulent, yet fully positive to both tests, and this will be discussed later 

Wayne (13, 15) has recently described a technique for growing tubercle bacilli 
on molecular filter membranes and staining them with neutral red and alkali 
Microscopic examination of such preparations permitted simultaneous observa 


tion of both the neutral red eytochemical reaction and of cording, and he sug 
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gested that this technique might be used as a virulence test. Independently, 
Krasnow applied the neutral red stain technique to cultures of mycobacteria 


which were grown on filter paper according to the method of Hoyt, Smith, and 
Gribkoff (14) 
The purpose of the present article is twofold: to describe the application of the 


neutral red stain technique to intact colonies of mycobacteria grown on the above 
two matrices, permitting simultaneous observation of the neutral red reaction 
and of cording; and to evaluate these two phenomena as a combined test for 
virulence of tubercle bacilli 


MATERIALS AND METHODS 


A total of 04 strains of mycobacteria were studied. Dr. Seymour Froman of Olive View 
Sanatorium supplied 42 of the strains; 11 of these were chromogens received as isolates from 
apparently nontuberculous lesions,”’ and the other 31 were well-characterized stock 
strains of mycobacteria (See tables | and 2). The identity of none were known to the writers 
at the time of the tests. The 22 mammalian strains of tubercle bacilli consisted of subcultures 
of primary isolates from resected pulmonary lesions of tuberculous patients at the San 
Fernando Veterans Administration Hospital. All but 2 of these patients had received 
chemotherapy. Thirteen of the freshly isolated strains studied were susceptible to strepto 
mycin, isoniazid, and para-aminosalicylic acid (PAS), 2 were resistant to 100 4 of strepto 
mycin per ml., 5 were resistant to 10 > of streptomycin, one was resistant to 10 4 of PAS, 
and one was resistant to 100 » of streptomycin and 5 » of isoniazid 
Two types of inocula were used. One was a Dubos broth* culture of the organism; the 
other was a homogenate of colonies grown on Lowenstein Jensen egg medium and suspended 
in a 0.5 per cent solution of bovine albumin fraction V* 
The organisms were grown on one or both matrices, and the staining procedure was 
modified to suit each of them. The following stain reagents were employed 
NR-6: « saturated solution of neutral red in 95 per cent ethanol, filtered, and acidified 
with 1 per cent (v/v) of concentrated hydrochloric acid 
NasCO, developer: a 1:10 dilution of saturated aqueous sodium carbonate 
NaOH developer: N/10 aqueous sodium hydroxide 
It should be noted that, although the sodium hydroxide developer has been used for the 
filter paper cultures and the sodium carbonate developer for the molecular filter membrane 
cultures in the experiments described here, the two developers are actually interchange 
able, and other alkaline solutions could probably be substituted 


Molecular Filter Method (15) 


In this set of experiments, the growth matrix consisted of molecular filter membranes on 
Lowenstein Jensen medium in wide - mouth screw capped jars. The cultures were incubated 
in an atmosphere saturated with water vapor 

When sufficient growth occurred to be observable under a dissecting microscope, a 
segment of the matrix was excised and placed, culture side up, on paper pads saturated with 
the reagents indicated in the sequence described below 

1. ten minutes 
2. NaCO, developer: five minutes 
3. 0 per cent ethanol: one minute 

The segment was then dried at 37°C. for fifteen minutes and placed on a slide with 

Permount' mounting fluid under a coverslip. The mounting fluid rendered the specimen 


transparent and suitable for microscopic examination at any desired magnification 


* Prepared from Difeo- Dubos Broth Base 
‘Obtained from Armour Laboratories, Chicago, Illinois. 
‘Obtained from Fisher Scientific Company, New York, New York 
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Filter Paper Method 


In this set of experiments, the growth matrix consisted of Whatman No. | filter paper 
strips (10 mm. by 45 mm.) on Lowenstein Jensen medium in 15 ml., screw -capped preserip 
tion bottles The inoculated bottles were incubated at 37°C The strips were re moved from 


TABLE 1 


Resucrs or THE MicrocotoniaL Virutence Test on Srock CULTURES 
or 


Organism  Nember* 
Neutral Red Cord 
Mammalian tubercle bacilli 
tuberculosia var. hominis 
H37Ry 3,434 
H37Ry 2 S08 
Hos 3,448 
BSS 5 
Ha 3,405 
3,467 
WU. tuberculosia var. bovis 
Corper 3.450 
Trudeau 4228-2 3,008 
Trudeau 4228-3 +000 
Avirulent variants 
VW. tuberculosis var. hominis 
H37Ra 4,462 
H37Ra 1,078 
JH B16 Ra 
Ta 2,161 
La ,,479 
BOG 
Paris strain #805, series 2 3,427 ; 
{ronson #26 3,420 + 
Sur 
Rosenthal 3.442 
Saprophytes 
WV. smeqmatia 506 
WV. phlei 
WV. phlei 39 3,497 
VW. spp. “‘radish bacillus’’t 1,080 
app. 607 5,444 
spp. 66 $451 
Miscellaneous 
WV. avium 3,446 
3.461 
WV. avium 3,465 
WV. ulcerana NR 4,473 
WV. epp. M 3,452 


"OV numbers are Olive View accession numbers 
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TABLE 2 
or tHe Test on Wito Srrains or Mycosacrenta, Fivrer 
Paver Meruop 
Neutral Red Neutral Red Neutral Red Neutral Red 


Positive Positive Negative Negative 
Corded on Corded Corded Non Corded 


Mammalian tubercle ba 0 
eilli from resected 
lung tissue 

Chromogens from ap 
parently nontubereu 


lous lesions 


the medium in four to eight dave and placed on giuss slides, which were heat fixed and 
stained in the following manner 
1. 05 per cent ethanol: one minute 
2. NK-6: ten minutes (a few drops of water added to the slide to prevent drying) 
4. Stained strip removed from slide, placed on blotting paper, and washed with water, 
added dropwise 
1. NaOH developer: ten drops added and allowed to stand for three minutes 
5. Water wash followed by 95 per cent ethanol wash, allowing excess liquid to drain 
through into blotting paper 
6. Dried strip fixed to the slide with plastic cement® at each end 
The stained strip was rendered transparent and suitable for microscopic examination 


at any magnification by the application of several drops of immersion oil 


RESULTS 


A parallel study of more than 50 Mycobacterium cultures using both the molecu 
lar filter and filter paper methods showed identical diagnostic results. The 
molecular filter colonies showed a lesser tendency toward forming “wandering” 
cords than did those on the paper, but formed more regular and discrete units 
(See figures la and 2a). An advantage of the molecular filter is the feasibility of 
excising small segments for examination without disrupting the main body of 
the culture; whereas, in the paper method, the entire strip must be removed as 
excision of pieces is difficult. The filter paper method showed the advantages of 
greater economy, greater convenience, and minimal opportunity for contamina- 
tion. The results tabulated in the present report were obtained by the use of one 
or both methods 

Based upon the neutral red reaction and the presence of cording, all of the 


mycobacteria tested were divided into the four possible groups: neutral red 


positive and corded; neutral red positive but non-corded; neutral red negative 
but corded; and neutral red negative and non-corded (tables 1 and 2). 

Neutral red postive and corded: All of the virulent stock strains of M. tubercu- 
losis were neutral red positive and corded. Both properties were also present in 
the 22 subcultures of tubercle bacilli recovered from resected tissues. The strain 
of M. tuberculosis resistant to 10 y of PAS per ml. exhibited very loose cording. 


* General Purpose Cement, Fry Company, Los Angeles, California 
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Four strains of BCG also fell into this group. Although the BCG cultures were 
positive by both criteria, they did show considerable variation in the intensity 
of cording, which was less pronounced than that exhibited by the fully virulent 
strains of mammalian tubercle bacilli. One organism of questionable patho 
genicity, Mycobacterium spp. (MV. B.), also fell into this group. 

Veutral red positive but non-corded: The behavior pattern of a positive neutral 
red reaction in the absence of cord formation was shown by 2 avirulent variants 
of M. tuberculosis var. hominis, 2 strains of avian tubercle bacilli, W. ulcerans, 
the radish saprophyte, and 10 of 11 strains of chromogens 

Veutral red negative but corded: M. phlei was the only organism which exhibited 
cord formation and yet was neutral red negative 

Veutral red negative and non-corded: Neither cord formation nor a positive 
neutral red reaction was shown by one chromogen, 3 of 5 avirulent variants ot 
M. tuberculosis var. hominis, 4 saprophytes, and one stram of avian tubercle 
bacilli 

Figures la, 1b, and le present typical pictures of the neutral red reaction and 
cord formation as seen in the different groups on the molecular filter membrane 


Figures 2a and 2b present two of the reactions seen on filter paper cultures 


DISCUSSION 


The standard neutral red test of Middlebrook and Dubos gives rise to some 
variable reactions. In this laboratorv, some cultures which have been recorded 
as positive after one hour in the neutral red buffer suspension have been seen to 
fade when allowed to stand overnight in buffer without neutral red. A number of 
other cultures give only partially positive reactions, 1.e., some ol the areas within 
a clump of organisms will be red while the remainder will be yellow or white 
Chromogens are not amenable to the standard neutral red test because their own 
color makes the test difficult to read (18) 

By means of the technique used in the present study, it has been possible 
to observe the neutral red reaction at the level of individual bacilli. The or 
ganisms which faded in the standard method were neutral red negative when 
alkalinized by the present method. Some colonies exhibited red color in the center 
but were yellow at the periphery, and all of the colonies which exhibited this 
characteristic were non-corded 

The combined test proposed in this paper has the advantage of two virulence 
tests performed as a single procedure. It permits the simultaneous observation 
of neutral red reaction and cording on one medium, in situ, with no disruption of 
colonial morphology 

The apparent discrepancy between the findings of Richmond and Cummings 
(8) and those reported here with respect to the ability of the radish saprophyte 
to form cords is probably a function of interpretation of terms, Kur hmond and 
Cummings apparently decided to classify this organism as corded on the basis of 
“ropes” of bacilli over the slide (“serpentine” growth), even in the absence of 
parallel orientation of the cells. On the other hand, the present writers have 
relied on high-power observation of parallel orientation as the final erterion of 
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cording. It must be noted that Richmond and Cummings stated that correlation 
existed between parallel orientation and virulence, but not between “serpentine” 
growth and virulence 

Although the 4 BCG strains listed in table 1 exhibit the “virulent” reaction. 
other incomplete data indicate that there are some strains which are either 
neutral red negative or non-corded. There is considerable variation in the in- 
tensity of cord formation exhibited by the BCG strains. Nevertheless, it is not 
possible to assign quantitative values to this characteristic, as the apparent 
tightness is partly a function of the physiologic age of a particular colony in a 
culture, [It is not surprising to find this variation in cording, since this phenomenon 
is 80 closely associated with virulence. Dubos, Pierce, and Schaefer (16) have 
recently demonstrated that substrains of BCG differ in their virulence for mice 
This observation has long been suggested by the differences one may observe in 
the response of human hosts to vaccination with BCG cultures from different 
SOUTCOS 

Some results of tentative studies on isoniazid-resistant tubercle bacilli indicate 
that the particular strains involved may be similar to BCG. Organisms resistant 
to 100 + of isoniazid per ml. are neutral red positive, exhibit variable cording 
ability, but fail to produce progressive disease in guinea pigs. 

Mycobacterium spp. (M. B.), a8 reported in this paper, was neutral red positive 
and corded, though avirulent. Here again the intensity of cording was weak, with 
minimal parallel orientation to be seen. 

It is belheved that the microcolonial test presented here, Is, In Its present state, 
useful diagnostically as a means of interpreting the history of an organism. It is 
believed that a Mycobacterium cultured from a patient which is neutral red posi- 
tive and corded is derived from a virulent mammalian tubercle bacillus. Even if 
such an organism is presently incapable of producing progressive disease in 
animals, the possibility must be considered that it is possessed of a virulent 
potential. Vorwald, Dworski, and Pratt (17) report the production of progressive 
disease in silicotic guinea pigs by BCG, but not by H37Ra. They concluded that 
the former organism is attenuated, while the latter organism is avirulent 

The present writers believe, therefore, that a strain of Mycobacterium negative 


by one or both criteria (neutral red reaction and cord formation) is not a virulent 


mammalian tubercle bacillus. A strain similarly isolated from clinical material 
which is neutral red positive and corded may be classified as virulent or poten 


tially virulent 


SUMMARY 


An improved procedure has been described for the identification of virulent 
mycobacteria. It consists of cultivating the organisms on filter paper or molecular 
filter membrane matrices, treating the microcolonies in situ with neutral red 
and with alkali, and observing them under the microscope. All stock virulent 
mammalian tubercle bacilli and all strains of tubercle bacilli reeovered from re- 
sected pulmonary tissues were positive by both criteria. On the other hand, the 
known saprophytes as well as the chromogens and other mycobacteria of ques 
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tionable pathogenicity were either neutral red negative, non corded, or negative 
in both respects 

This technique makes it possible to determine simultaneously the cytochemical 
reaction and the cord-forming ability of microcolonies of mycobacteria 

A brief discussion of the possible clinical significance of the “virulent” reac 
tion in this test is included 


SUMARIO 
Prueba Microcolonial para el Reconocimiento de las Micobacterias Virulentas 


Deseribese un procedimiento perfeecionado para la identificacin de las micobacterias 
virulentas Consiste en cultivar los microbios en papel-filtro o matrices de membrana -filtro 
moleculares, tratando las microcolonias in situ con rojo neutro y con dleali y observando- 
las al microscoplo Todos los bacilos tuberculosos de mamifero virulentos stock y todas las 
cepas extranas obtenidas de tejidos pulmonares resecados resultaron positivas con ambas 
normas n los saprohitos conocidos come los cromogenos otras mit obacterias 
de patogenicidad dudosa resultaron ya negativos al rojo neutro, o sin cordones o negativos 
en ambos sentidos 

Esta técnica permite determinar simultaneamente la reaccién citoquimica y la capaci 
dad para formar cordones de las microcolonias de microbacterias 

Agrégase una breve resena de la posible importancia cliniea de la reaceién ‘“‘virulenta”’ 
en esta prueba 


RESUME 


E pre wwe de la microcolonie (microcolonial teat pour identification des 


mycobactéries virulentes 


Description d'une nouvelle technique pour l'identification des mycobactéries virulentes 
Elle consiste A cultiver les mycobactéries sur du papier filtre ou sur des membranes fil 
trantes. A traiter les microcolonies in situ avee du rouge neutre et avee de l'aleali et A les 
observer au microscope Tous les bacilles tuberculeux bovins de stock et toutes les souches 
naturelles récupérées dans les tissus pulmonaires réséqués ont donné des résultats positifs 
avee l'un et l'autre des tests. D’autre part, les saprophytes connus, ainsi que les chromo 
genes et autres mycobactéries de pathogénicité discutable donnaient une réaction négative 
au rouge neutre ou ne tormarent pas cle cordons ou les deux reactions étarent negatives 

Cette technique permet de déterminer simultanément la réaction cytochimique et 
aptitude des microe colonies bacténennes A former des cordons 

Une breve discussion sur la signification clinique possible de la réaction de virulence 
dans cette épeuve est incluse 
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THE DETECTION OF TUBERCLE BACILLI IN MOUTH WASH 
SPECIMENS BY THE USE OF MEMBRANE 
FILTER CULTURES’ 


DAVID E. ROGERS,* GEORGE M. COOKE, ann CHARLES FEF. MEYERS 
(Received for publication December 17, 1954) 


INTRODUCTION 


A simple, reliable method is needed for the culture of tubercle bacilli from 
respiratory tract secretions. Current methods available for the recovery of 
tubercle bacilli from patients with suspected or proved pulmonary tuberculosis 
are often unsatisfactory. Sputum cultures are subject to wide variation in relia 
bility and reproducibility, and depend, in part, upon the training and willing 
ness of patients to produce deep cough specimens. More elaborate cultural pro- 
cedures utilizing gastric or tracheobronchial specimens require the time of highly 
trained personnel, equipment not universally available, and are often physically 
unpleasant to the patients undergoing study. Present cultural methods utilize 
only a small aliquot of the specimens obtained and do not permit quantitation 
of the number of tubercle bacilli discharged 

Previous work in this laboratory has indicated that microorganisms in the 
lower respiratory tract can be isolated from mouth wash specimens (1). The 
recent development of a new bacteriologic filter, the membrane filter (2), sug 
gested that membrane filter cultures of mouth wash gargle specimens might 
provide a simple method for the isolation of tubercle bacilli from patients with 
pulmonary tuberculosis 

The present paper reports the growth characteristics of Mycobacterium tuber 
culosis on membrane filter surfaces and the recovery of tubercle bacilli from pa 
tients with pulmonary tuberculosis by the mouth wash membrane filter tech 
nique. While the limitations of this technique have not yet been completely 
defined, results to date show sufficient promise to justify this preliminary report 


MATERIALS AND METHODS 


Membrane filters: Hydrosol assay “Millipore” filters’’® were used in the studies. These 
filters are a modification of the ‘“‘molecular filter’? deseribed by Goetz (2) and Goetz and 


Tsuneishi (3). The filter membrane consists of a homogeneous, screenlike, paper-thin cellu 


‘From the Naval Medical Research Unit No. 1, and the Naval Biological Laboratory, 
Department of Bacteriology, University of California, Berkeley, California 

? This work was supported in part by a contract between the University of California 
Department of Bacteriology, and the Office of Naval Research 

* The opinions contained in this report are not to be construed as reflecting the views of 
the Navy Department or the Naval Service at large (Article 1252, U. 8. Navy Regulations 
1048 

‘ Present address: The Rockefeller Institute for Medical Research, New York 21, New 
York 


* Manufactured by the Millipore Filter Corporation, Watertown 72, Massachusetts 
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lone ester film which is devoid of fibrous structure and which has a high and uniform poros 
ity of approximately SO per cent of the filter substance. The large number of pores (5 x 
i) per aq. em permits the quantitative retention of bacteria at flow rates of 3) to 100 
ml. of fluid per minute against differential pressures of 70 mm. of mereury. To facilitate 
quantitative counts, a grid imprinted on the surface of the filter dise divides the dise sur 
face so that each square represents one hundredth of the effective filtering surface. Bac 
terial cells impinged upon the membrane filter surface can be subsequently eultured by 
diffusion of nutrient when the back surface of the filter is placed in wetting contact with 
liquid or moist solid nutrient 

Stainles« steel filter funnels and bases built in this laboratory were used for filtering 
procedures (figure 1). A wire mesh grid supported the membrane filter and prevented undue 
stress on the filter leaf at high-pressure differentials 

The membrane filters were originally sterilized with Carboxide"* (ethylene oxide) in a 
specially adapted autoclave. During the course of the investigations it became apparent 
that some of the filters so sterilized inhibited microbial growth. Study of the data suggested 
the possibility of ethylene oxide retention in the filter, and the membrane filters were sub 
sequently sterilized by autoclaving groups of filters in Petri dishes with interposed blotters 
at 15 psi for ten minutes. The autoclave was exhausted rapidiy following sterilization to 
prevent condensation of moisture on the filter 

Vedia: Dubos oleic-acid albumin agar (4) was used for all quantitative studies on the 
growth of tubercle bacilli on membrane filter surfaces. A small amount of trypan blue was 
added to facilitate the detection of colonies. In the cultivation of tubercle bacilli on mem 
brane filters prepared from mouth wash specimens from patients, duplicate platings were 
performed on oleic acid albumin agar and Lowenstein medium (Jensen's modification ) 
The Léwenstein medium was prepared in routine fashion, but was inspissated in small 
(0) mm.) Petri dishes to allow direct plating of the membrane filters 

Liquid Dubos Tween” albumin medium was used to obtain diffuse cultures for quanti 
tative procedures. Initial attempts to culture tubercle bacilli on the filter surface were 
performed using the small plastic Petri dishes manufactured by the Millipore Filter Cor 
poration for use with the membrane filter, and liquid oleic-acid-albumin medium was 
added to the nutrient pad prior to plating. Frequent contamination of membrane filters 
resulted from this procedure, however, and the water contained in the small amount of 
nutrient frequently evaporated during the long period of incubation required, despite 
elaborate techniques designed to maintain humidity. Thus, solid media were used exclu 
sively for membrane filter plating in the present series of experiments 

Cultures: Mycobacterium tuberculosia, strain H37Ry, originally obtained from Dr. 8. 8 
Elberg, Department of Bacteriology. University of California, was used in the initial 
studies of the growth of tubercle bacilli on the membrane filter. Two recent isolates’ from 
patients were also used in studies on the quantitative recovery of tubercle bacilli on the 
filter surface. All cultures were maintained on Dubos or Lowenstein slants at 4° C. Seven 
to fourteen-day liquid Tween” albumin cultures were used in the preparation of suspen 
sions for filtration 

Enumeration of tubercle bacilli: All culture dilutions and suspensions of tubercle bacilli 
were made in M/20 phosphate buffered saline, pH 7.0. For work requiring colony counts 
on the membrane filter the buffered saline was initially filtered through a membrane filter 
and resterilized in flasks with aluminum foil caps. All other glassware was also rinsed re 


peatedly with distilled water, and the cotton stoppers were replaced with aluminum foil 


caps prior to sterilization. This procedure eliminated the small cotton fibrils which tended 


to accumulate on the filter surface and to obscure the colonies 
Measured aliquots of buffered saline containing tubercle bacilli were filtered through 


four to ten membrane filters. The quantitative growth of tubercle bacilli on the filter sur 


* Union Carbide and Carbon Company, New York, New York 
Obtained through the courtesy of Dr. Ralph Tompsett, Cornell University Medical 
College, New York, New York 
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Fig. 1. Filtration equipment used with the membrane filter. The sleeve like receptacle 
has been removed to reveal the stainless steel screen (120 mesh) which supports the mem 


brane filter during filtration. The membrane filter is 47 mm. in diameter 


face was compared with that obtained on the surface of oleic acid albumin agar. Colony 


counts were made on control plates using the technique of Fenner, Martin, and Pierce (5 


with the substitution of a blunted IS gauge needle, a glass adapter, and a | ml. rubber 
bulb, as described by Cohn and Garber (6). Three plates were used for each dilution, and 
only counts of 30 to 300 colonies per plate were used in final calculations 

It was found that membrane filter cultures were most satisfactory when the plates were 


inverted and sealed in cans containing moistened cotton to maintain bigh humidity during 
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ineubation. Any drying of the filter surface resulted in a significant reduction in the num 
ber of culturable tubercle bacilli 
Digestion procedures: Three methods were used to reduce mouth wash viscosity and 
eliminate the normal flora 
1. An equal volume of 4 per cent sodium hydroxide was added to each mouth wash 
specimen, and the mixture was incubated at 37° C. for fifteen to thirty minutes. Speci 
mens were then neutralized with 1 N hydrochloric acid and filtered 
2. An enzyme solution containing 5 per cent amylase and 20 per cent mycozyme* 
in saline was added to 10 per cent by volume. Digestion was allowed to proceed for 
thirty minutes at 37° C. prior to filtration 
3. Ten per cent trisodium phosphate was added in equal volumes to mouth wash 
specimens as described by Corper and Stoner (7). Specimens were incubated at 37° C 
for eighteen to twenty four hours, then neutralized with 1 N hydrochloric acid be 
fore filtration 
Clinical specimens: Clinical specimens were obtained from patients at the Veterans Ad 
ministration Hospital, Livermore, California, through the courtesy of Dr. J. A. Arcellana, 
Chief of the Laboratory Services. Mouth wash specimens were collected in the morning 
from recently awakened patients with suspected or proved pulmonary tuberculosis. Simul 
taneous twenty four-hour sputum eultures or gastric aspirate cultures were made upon 
the same patients and were used to check the reliability of membrane filter cultures. Speci- 
mens were collected in sterile, serew-capped jars containing 25 ml. of sterile buffered saline. 
The patient was asked to rinse his mouth and pharynx vigorously for thirty seconds with 
the entire contents of the jar in a manner similar to gargling. The saline was then expec- 
torated into the jar, and the specimen was returned to the laboratory for digestion. Fol 
lowing digestion, the volume was brought to 100 ml. with buffered saline, and the specimen 
was filtered in 10 ml. amounts through 10 filters 
Routine cultures of twenty-four-hour sputum collections and gastric aspirates were 
made on Lowenstein egg medium in the hospital bacteriology laboratory and independently 
read and recorded. Comparison of routine cultures prepared by the hospital staff and 
cultures by the mouth wash-membrane filter technique carried out in the laboratory was 


made following the final reading of the cultures. 


RESULTS 


(Juantitative Recovery of Mycobacterium Tuberculosis on the Membrane 
Filter Surface 

Studies on the quantitative recovery of tubercle bacilli on membrane filters 
sterilized with ethylene oxide revealed a five- to thirty-fold decrease in the num- 
ber of culturable tubercle bacilli when compared with control plates. When 
membrane filters were sterilized in the autoclave, colony counts on membrane 
filter cultures agreed closely with those obtained on control oleic-acid—albumin 
plates (table 1). Growth appeared slowly on the filter surface, identifiable col- 
onies becoming apparent in fourteen to twenty-one days on oleic-acid—albumin 
medium. Colony counts could be made on membrane filter preparations at 
twenty-one to thirty days. Colonies were visible on oleic-acid—albumin control 


plates in ten to fourteen days and quantitative counts could be made in sixteen 


to twenty-one days 
Colony morphology was typical on the filter surface. When plated on oleic- 
acid-albumin medium, colonies appeared flat and translucent with spreading, 


* Mycozyme was obtained from General Biochemicals, Inc., Chagrin Falls, Ohio 
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TABLE 1 
Quantitative Recovery or M. Tusercucosts on Fivrers STeRILIzeED BY 
ETHYLENE OXIDE OR AUTOCLAVE 


Strain Membrane Filter Drop Plate Counts Membrane Filter Counts 
M. imberculons Sterilization Microorganisms per Mi Microorganisms per M! 
H37Ry ethylene oxide 18x 10 36x Ww 
H37Ry Ethylene oxide 3.4 x 1.2x< 10° 
H37Ry Ethylene oxide 90x 10 10° 
H37Ry Ethylene oxide 10 *7.2 10° 
H37Ry ethylene oxide 90x 10 5.7 x< 10° 
H37Ry Autoclave 2.7 10 WwW 
H37, Autoclave 5.8 x 10 55x 1 
H37, #961 Autoclave 10° 


* Different filter lot numbers 

Results represent counts from triplicate or quadruplicate plates 

The decrease in the number of culturable microorganisms ranges from five. tothirty fold 
when impinged on membrane filters sterilized with ethylene oxide. No loss in culturable 


microorganisms is apparent on autoclaved membrane filters 


serpentine corded edges (figure 2). On Lowenstein medium, the colonies became 
typically pigmented, but rarely acquired the heaped, pellicle appearance seen 
on Lowenstein agar slants (figure 3). 


Effects of Digestion on Mouth Wash Viscosity and the Number of 
Culturable Tubercle Bacilli 


Mouth wash specimens were sufficiently viscous to prevent their effective 
passage through the membrane filter, and normal mouth flora rapidly overgrew 
the surface despite the addition of inhibitors to the media. To overcome these 
problems, digestion of mouth wash samples with sodium hydroxide, trisodium 
phosphate, and an enzyme solution was assessed 

All three digestion procedures effectively reduced the viscosity of mouth 
wash specimens and allowed rapid filtration of samples. Both sodium hydroxide 
and trisodium phosphate eliminated normal mouth flora in most instances, 
while enzymatic digestion had no demonstrable bactericidal effect. In saline 
suspension, digestion with either sodium hydroxide or trisodium phosphate 
resulted in a significant loss in the number of culturable tubercle bacilli ranging 
from forty- to a thousandfold (based on untreated aliquots) and a detectable 
delay in colony growth. The loss of culturable microorganisms was of the same 
magnitude when tubercle bacilli were incorporated in mouth wash specimens 
(table 2). When liquid oleic-acid-albumin cultures containing tubercle bacilli 
in clumps were digested, the reduction was less apparent (table 2). Under these 
conditions, it seemed probable that, although many tubercle bacilli in each clump 
were rendered nonviable, cells sufficient in number to initiate growth remained 
protected within a clump. Enzymatic digestion had no demonstrable effect on 
either the number of tubercle bacilli or the speed of visible colony growth 

While enzymatic digestion appeared to be the method of choice in maintaining 
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Fic. 2. The growth of M. tuberculosis (H37Rv) on the membrane filter. Twenty five day 
eulture on Dubos solid medium. Original inoculum obtained from liquid oleic acid albu 
min eulture. (Magnification 


viable tubercle’ bacilli, it has not been possible to date to develop satisfactory 
media for the selective elimination of normal oral flora. Reduction of sodium 
hydroxide time to fifteen minutes resulted in less destruction of tubercle bacilli, 
eliminated oral flora in most instances, and reduced viscosity sufficiently to 


allow prompt filtration (table 2). Sodium hydroxide was consequently used in 


the treatment of the majority of clinical specimens. 


Recovery of Tubercle Bacilli from Patients by the 
Mouth Wash-Membrane Filter Technique 


Specimens from 134 patients under treatment at the Veterans Administration 
Hospital, Livermore, California, were examined by the mouth wash membrane 
filter culture method, and the results were compared with those obtained by 


routine culture (table 3). Mouth wash specimens were collected from 43 patients 
who completed twenty-four-hour sputum collections. 
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Fic. 3. The growth of WM. tuberculosis on a membrane filter prepared from the mouth 
wash specimen of a tuberculous patient. Twenty-five day growth on Lowenstein medium 
Note the typical colonial appearance and the uniform distribution of colonies found in 


such filtration procedures (Magnification 2.5 


Twenty-three specimens were positive for M. tuberculosis on routine culture 
and 22 positive cultures were obtained by the mouth wash membrane filter 
technique. Discrepant findings in specimens from 12 patients are indicated 
in table 4. Five patients with specimens positive by mouth wash membrane 
filter culture had negative routine sputum cultures. The mouth wash membrane 
filter cultures from 5 patients showing positive twenty-four-hour sputum cul- 
tures were contaminated with fungi and could not be assessed, while the 
mouth wash membrane filter cultures were negative in one patient from whose 
sputum tubercle bacilli could be cultured, This resulted in 6 failures to obtain 
positive mouth wash membrane filter results in the face of twenty-four-hour 
sputum cultures positive for tubercle bacilli 

Mouth wash specimens were collected from 91 patients with negative sputum 
cultures who were undergoing gastric aspiration for culture (table 3). One mouth 
Wash specimen was positive for M. tuberculosis on membrane filter culture. 
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TABLE 2 
or Dicrerion on THe Quantitative Recovery or Tupercie 
Comparative Effeets of Sodium Hydroxide, Trisodium Phosphate, and Enzyme Solution 
on Microorganisms Growing in Diffuse Culture 
4 Per Cent Sodium 10 Per Cent Trisodium 10 Per Cent Enzymes* 


Coa 
Hydroxide Minutes Phosphate 18 to 24 Hours Minutes 
per Mi roorganisms per M! Microorganisms per MI Microorganisms per Ml 


x 9.9 19x Ww 


Effeet of Sodium Hydroxide on Microorganisms Growing in Clumped Cultures 


7x 10° x 
6x we 


* 5 per cent amylase, 20 per cent mycozyme 

t Tubercle bacilli incorporated in mouth wash prior to digestion 

t Fifteen-minute sodium hydroxide digestion 

There is a forty. to thousandfold reduction in culturable tubercle bacilli following 
digestion with sodium hydroxide or trisodium phosphate. Less reduction (nine- to forty 
fold) occurs when the inoculum is obtained from clumped (oleic-acid-albumin) cultures. No 


reduction in culturable microorganisms results from enzymatic digestion 


TABLE 3 
ComMPARISON OF THE Kecovery or M. Tusercucosis sy Mourn Wasu-Memprane Fivrer 
Cucrurnes anp BY Routine Tecuniques 
Number of Positive for M. tuberculosis fer M. 


Cult 
supe Obtained Patient Specimens by Mouth Wash- Membrane 
outi 


Sputum and mouth 23 
wash-membrane fil 
ter cultures 
Gastric aspirates and 
mouth wash-mem 
brane filter cultures 
from patients with 
negative sputum cul 
tures 


Totals : 23 


Routine gastric aspirate culture revealed M. tuberculosis in 3 specimens. The 
filter cultures prepared on one patient reported positive for M. tuberculosis by 
gastric aspirate culture were contaminated with fungi. 


Appearance of Colonies of M. Tuberculosis on Membrane Filter 


Colonies of tubercle bacilli obtained from patients appeared typical on the 
membrane filter surface (see figure 3) and could be detected most easily using 
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TABLE 4 


Discrerant Cucrurat Resvuits py Mourn Wasn-Memprane Fitter anp 
Routine CuLture or Sputum Gastric AsPrIRATES 


Specimens positive for M. tuberculosis on membrane filter 5 
culture, negative on sputum culture 

Specimens positive for M. tuberculosis on sputum culture, 6* 
negative on membrane filter culture 

Specimens positive for MW. tuberculosis on gastric aspirate 21 


culture, negative on membrane filter culture 


* Membrane filter cultures from 5 patients with sputum positive for M. tuberculosis on 
culture were contaminated with fungal overgrowth and could not be read 
t Membrane filter cultures from one patient were contaminated 


Calley 2X 


incident lighting and a low-power dissecting microscope. Positive colonial 
identification was made in periods ranging from fourteen to sixty days. Growth, 
in general, was slower on the membrane filter surface than it was on routine 
culture media. Many patients were receiving antituberculous drug therapy, 
however, and colony growth was slow by all methods of culture. 


DISCUSSION 


The present study has shown that tubercle bacilli can be collected and quan 
titatively cultured on the surface of Millipore” filters. Utilizing mouth wash 
specimens from tuberculous patients, positive cultures were obtained from the 
majority of patients with sputum cultures positive for tubercle bacilli. An in 
sufficient number of patients with negative sputum and positive gastric aspirate 
cultures for tubercle bacilli have been studied to date to make possible any 
statement regarding the sensitivity of the procedure under these circumstances 

Colony growth was significantly slower on the membrane filter surface than 
it was on the surface of routine plating media. Recent information from Goetz 
(S) suggests that this difficulty may be prevented by increasing the strength of 
medium constituents to overcome the diluting effect of atmospheric water ab 
sorption by the exposed membrane filter surface 

The use of alkali digestion results in the destruction of the majority of tubercle 
bacilli obtained in mouth wash specimens as well as a significant delay in colony 
appearance. These findings have been borne out by a recent extensive study of 
the lethal effects of concentrating agents on tubercle bacilli by Gray, Clark, and 
Johnson (9). Nevertheless, alkali digestion was found necessary to reduce mouth 
wash viscosity for filtration and to eliminate normal mouth flora. Sodium hy 
droxide was found to be the most satisfactory agent for digestion, resulting in 
the least destruction of tubercle bacilli, but fungal contamination of membrane 
filter cultures was not satisfactorily eliminated. Since the completion of this 
work, a report by Hirsch (10) has indicated that benzalkonium chloride (Zephi 
ran’) eliminates normal sputum contaminants without significant destruction 
of tubercle bacilli. It is planned to continue studies using enzymatic digestion 
in conjunction with benzalkonium chloride decontamination in the preparation 
of mouth wash specimens for culture 
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Because of the delay in diagnosis inherent in the slow cultural growth of tu- 
bercle bacilli, the use of the membrane filter as a collecting device, and subse- 
quent direct staining of tubercle bacilli impinged on the filter, is under study 
A recent modification of the neutral red staining technique reported by Wayne 
(11)* allows the detection of microcolonies of tubercle bacilli on the membrane 
filter surface after four to six days of incubation. Its use in conjunction with the 
mouth wash culture technique for more rapid diagnostic identification is con- 
templated 

The ability of membrane filters to transmit large quantities of fluid at high 
rates of speed permits the concentration of small numbers of microorganisms 
contained in large volumes. Thus, membrane filter cultures may prove of value 
in clinical situations where bacteriologic diagnosis is at present difficult. The 
detection of tubercle bacilli (or other microorganisms) in urine, or in pleural, 


pericardial, or cerebrospinal fluid may be facilitated by the use of membrane 


filter cultures, and such studies are now in progress 

Microorganisms may also be separated from possible inhibitory substances 
contained in body fluids by washing of the filter prior to plating. Such procedures 
may allow the recovery of microorganisms which are unable to multiply under 
ordinary cultural conditions 

Studies to be reported have indicated that microorganisms with widely differ 
ing biochemical requirements can be cultured quantitatively on the membrane 
filter surface, and that colony growth is more rapid on the filter surface than on 
ordinary plating media. Colonies of staphylococci, Alebsiella, and Salmonella 
are visible on membrane filter cultures in six to twelve hours in contrast to the 
twelve to twenty-four hours ordinarily required for visible surface growth (12) 
Swifter bacteriologic methods are needed for diagnosis in many clinical situations 
to allow more rational and precise use of the powerful antimicrobials now avail 
able. The use of membrane filter cultures is thus being explored in other clinical 
situations where specific cultural diagnosis may be aided by the unique char 


acteristics of the membrane filter 


SUMMARY 


A mouth wash gargle technique has been used in conjunction with membrane 
filter cultures for the recovery of tubercle bacilli from patients with pulmonary 
tuberculosis 

Cultures positive for tubercle bacilli have been obtained by this technique 
in the majority of patients with positive sputum cultures. 

Further studies to assess the sensitivity of the mouth wash membrane filter 
culture technique in patients with negative sputum in whom gastric or tracheo 
bronchial aspirates must be obtained are in progress. 

The membrane filter culture technique described has possible application in 
other clinical situations where bacteriologic diagnosis is difficult’ with routine 
cultural procedures 


* Also see Krasnow, Wayne, L. G., Sarin, D., in this issue of the Review 
page 361— The Editor 
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SUMARIO 


kl thy miento de Bac tloa T ube ulosoa on | mplares de Lavados Bucales con el / ae de 


Cultivoa Piltradoa por Vembranas 


Para la obtencin de bacilos tuberculosos de enfermos que tenfan tuberculosis pulmonar 


se usd una téenies de gargarismos-lavados bucales unida a filtracién de cultivos a través de 


una membrana 
Con esa téenica obtuviéronse cultivos positivos para bacilos tuberculosos en la mayoria 


de los enfermos cuvo esputlo era positive en « ultivos 


Ya se han emprendido estudjos ulteriores para determinar la sensibilidad de la téenica 


de cultivos filtrados por membrana vy lavados bucales en los enfermos que trenen esputo 


negativo v en quienes hay que obtener aspirados gdéstricos o traqueobronquiales 


La téenica aqui deserita de cultivos filtrados por membrana tiene posible aplicacion a 


otras situaciones clinicas en las que el diagnéstico bacteriolégico resulta diffeil con los 


proce lim ulturales de costumbre 


RESUME 


Découverte du bacille tuberculeur dans les prélevements de lavage buccal par la méthode des 
filtrante 


ultures aur we mbrane 


Une technique de lavage buecal par gargarisme a été utilisée en association avec la 


culture sur membrane filtrante pour l'isolement des bacilles tuberculeux chez les malades 


atteints de tuberc ulose pulmonaire 
Des cultures positives pour le BK ont été obtenues par cette tee hnique chez la majorité 


des malades dont la culture de expectoration était positive 


D'autres recherches sont en cours pour déterminer la sensitilité de la technique lavage 


bueeal- culture sur membrane filtrante quand il s'agit de malades ayant des crachats néga 


et qu'il eat nécessaire d’obtenir des spécimens gastriques ou trac héo-brone hiques par 


aspiration 
La technique de culture sur membrane filtrante décrite a des applications possibles dans 


d'autres con litions eliniques ou le diagnosti« pur les méthodes culturales classiques est 


difficile 


REFERENCES 


1) CA ano Wortocnow, H npublished data, 1050 
Gorrz, A.: Fiat Final Report 1312, Joint Intelligence Objectives Ageney, U.S. De 
partment of Commerce, Washington, D. C., 1947 

3) Gorwrz, A., anno N.: Application of molecular filter membranes to the 
bacteriological analysis of water, J. Am. Water Work Assoc 1951, 43, 043 

1) an» Media for tubercle bacilli, Am. Rev. Tubere 
1947, 56, 334 

5) Fenner, F., 8. P., ano Prerce, C. The enumeration of viable tubercle 


bacilli in cultures and infected tissues, Ann. New York Acad. Se., 1949. 62, 751 


(6) Coun, T., ano Ganeser Personal communication 
7) Correr H. J., anv Sroner, R. I An improved procedure for the diagnostic culture 
of tubercle bacilli, J. Lab. & Clin. Med... 1946, 37, 1464 
Gorrz, Personal communication, 1054 
0) Gray, D. F., Crank, BI ano Jounson, W. Detection of small numbers of tu 
bercle bacilli in diagnosis: The lethal action of concentrating agents, Am. Rev 
Tubere 69. Wi 
10) Hinsen, J. G.: The resistance of tubercle bacilli to the bactericidal action of ben 
zalkonium chloride (Zephiran”), Am. Rev. Tubere., 1954, 76, 312 
(11) Wayne, L. G.: Technique for cultivation of mycobacteria on molecular filter mem 


branes, J. Bact. (in press 


12) Rocers. D. | npublished observations, 1054. 


381 
* = 
= 


CHARCOAL AGAR MEDIA FOR THE CULTIVATION OF 
MYCOBACTERIUM TUBERCULOSIS' 


JOSEPH W. WHALEN? ano W. L. MALLMANN 
(Received for publication September 27, 1954) 
INTRODUCTION 


M ycobacterium tuberculosis has been found to be highly susceptible to the toxic 
effect of many substances customarily present in trace amounts on culture media. 
Long-chain fatty acids and lipoids present in agar, cotton, or improperly cleaned 
culture tubes inhibit the growth of small inocula. Larger numbers of tubercle 
bacilli probably adsorb sufficient lipid to permit unimpaired multiplication of 
some of them. Drea and Andrejew (1) demonstrated that starch, potato extract, 
and egg-yolk components apparently also will reduce the inhibition. Davis and 
Dubos (2) found that bovine serum albumin fraction V in culture media combines 
with fatty acids toxic to tubercle bacilli to permit and enhance the growth of 
small numbers of the microorganisms. Yournans and Youmans (3) subsequently 
reported greater growth stimulation of M. tuberculosis by bovine serum than by 
bovine fraction V albumin. Ley and Muller (4) found that agar contains a fatty 
acid-like substance which is inhibitory for Neisseria gonorrhoeae; the addition of 
starch or charcoal to the medium eliminates the toxicity, probably through 
adsorption of this substance. Pollock (5) reported that either blood albumin or 
charcoal in a culture medium will neutralize the toxic action of fatty acids for 
Hemophilus pertussis. Powell, Culbertson, and Esminger (6) found that H. 
pertussis will grow luxuriantly on a charcoal agar medium. Stonebrink (7) com- 


pared a dextrinized starch-activated charcoal egg medium with that of Lowen- 
stein and found that, with bovine tubercle bacilli, growth was speeded 40 per 


cent on the former medium. 

In view of these findings, a controlled study of the effects of different grades 
of activated charcoal on the growth of recently isolated strains of tubercle bacilli 
of human and avian origin seemed warranted. If one or more of these charcoals 
produced a stimulatory effect comparable to that of blood component media en- 
richments, a comparison of media containing them with the Petragnani egg 
medium could be made. The latter medium in previous comparative studies in 
this laboratory had been found to be the most satisfactory of the classical egg 
media for the cultivation of M. tuberculosis. 


MATERIALS AND METHODS 


Graded inocula of tubercle bacilli were prepared according to the method of Youmans 
and Karlson (8) in the following fashion: Three strains of M. tuberculosis var. hominis, 
recently isolated, were mixed and standardized, using Hopkins centrifuge tubes to deter 


' From the Department of Bacteriology and Public Health, Michigan State College, 
East Lansing, Michigan 
* Medical Research Fellow of the National Tuberculosis Association 
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‘HARCOAL 


All strains had been cultivated on the basal medium 


mine the initial mass of organisms 
enriched with bovine albumin fraction V for twelve to sixteen days. Two strains of M. 
From these suspensions, 


tuberculosis var. avium were similarly mixed and standardized 
dilutions were made with 0.01 M phosphate buffer solution pH 7.0, containing 0.2 per cent 
Triton A 20", so that the inocula to be employed contained, respectively id *, 
10° *, 10 and mg. of tubercle bacilli, wet weight. Using the Youmans and 
Youmans (9) procedure, these concentrations permitted calculation of the generation times 


of the organiams on each of the media studied 

The basal medium utilized was composed of the following ingredients in grams per liter 
, 2.0; NagHPO,, 2.5; 1.0; CuSO, 0.0001; Co 304, 
0.0001 ferric ammonium citrate, 0.1; glucose, 7.5: glycerol, 2.5; Sav ita”™®, 2.0; Triton A-20", 
0.5; and agar, 15.6. Four grams of each of the following grades of Nuchar” activated char 
coal, were added to liter portions of this basal medium: C-115-N, C-190-N, WA, and Aqua 
4. The final pH of all of the media was 6.8. The media were tubed in 5 ml. amounts in serew 
capped tubes, and were sterilized at 121°C. for fifteen minutes While the media were cooling, 


proteose peptone No. 3 (Difeo 


the tubes were placed in a slanted position 

Before utilization of the diluted inocula, one tube of each of the media was seeded with 
10°' mg. of a recently isolated human strain of M. tuberculosis. Multiplication of this strain 
This established that each of the charcoal media 


was noted within two dave’ incubation 


would support growth 
In generation time studies, two tubes of each medium were inoculated with each of the 
All cultures were incubated at 37.5°C.. and 


individual concentrations of tubercle bacilli 
kvidence of growth was confirmed by 


were examined at daily intervals macroscopically 
preparation of slide films stained with the Ziehl-Neelsen technique, and subsequent micro- 


scopic examination. Several separate trials were made of eac h of the media, using the a« 


tively growing human and avian tubercle bacilli 
Ethyl violet 6B was subsequently added to the best charcoal-enriched media in concen 
trations ranging from 1:200,000 to 1:1,300,000. Litsky, Mallmann, and Fifield (10) found 


that this dye, in proper concentration, will inhibit Gram-positive bacteria, but exhibits less 


toxicity for Gram negatives than do crystal violet and brilliant green in comparable con 
found that ethyl! violet manifests less toxicity for 


centrations. Whalen and Mallmann (1! 
VW. tuberculosis than does malachite green in concentrations having equivalent inhibitory 


effect on Gram-positive bacteria 

Media utilized in the isolation of M. tuberculosis from sputum contained 100 unite of 
potassium penicillin G and 100y of cycloheximide (Actidione”) per ml 

The specimens of sputum were digested with 3 per cent sodium hydroxide for one-half 


hour and neutralized with 3 per cent hydrochloric acid, Concentration was effected by 
for twenty minutes. The sediments were used to prepare 


centrifugation at 2,000 r.p.m 
smears for microscopic examination and for inoculation of the media, four loopfuls being 
Two tubes of each medium were inoculated and subsequently ineu 
it inter 


used for each tube 
bated at 37.5°C. During incubation the cultures were examined macroscopicall 
using the Ziehl Neelsen stain 


vals of two days. All colonies were checked microscopically 


After forty-two days a final reading was made for all cultures and they were disearded. The 
were also Ziehl Neelsen 


concentrate amears, two of which were made for each sediment 


stained and examined for at least twenty minutes 


RESULTS 


The generation times in hours of the human and avian tubercle bacilli when 
The five media were 


growing on five types of media are presented in table |! 
the basal medium. the charcoal media, and the basal medium enriched with 


*A yeast-vegetable extract with ferric citrate 
‘Supplied by Mr. Irving Dahlijelm, Department of Bacteriology and Public Health, 
Michigan State College, Fast Lansing, Michigan 
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TABLE | 


Tue or Four Cuarcoars Taree Prorers ON THE 
Rate or Graowrn or Recentiy Srrains or Human anv 
Avian ie 


M. Tuberculons var. Homini M. Twhercalosis var. Atium 


Per Cent Per Cent 


Medium Trial 
Generation Generatwr 
me ir Stimulation Stimulatior 
in 
H over Basal H - over Basal 
ours ours 
Medium Medium 


medium 28.8 

2 28.8 

Basal + C-190-N 22.8 20.8 22.8 13.6 
2 22.8 2.8 22.8 13.6 
22.8 2.8 

Hasal + C-115-N 4.0 16.7 9.1 
2 2.0 16.7 22.8 13.6 
244.0 16.7 

Hasal + WA 27.6 1.1 244.0 9.1 
2 27.6 1.1 25.4 3.8 
3 27.6 1.1 

Basal + Aqua l 28.5 25.4 3.8 
2 2s 25.4 3.8 

Basal + oleic albumin l 22.8 20.8 4.0 91 
2 22.8 2.8 22.8 13.6 
240 16.7 

Basal + bovine albumin l 21.7 24.6 20.5 22.3 
2 21.7 24.6 19.3 26.9 
3 22.8 

Basal + human serum l 20.8 20.8 20.5 22.3 
2 22.8 20.8 21.7 17.8 


0.2 per cent bovine albumin, 10 per cent human serum, and 10 per cent Dubos 


oleic albumin complex (Difco). The percentage of stimulation of the rate of 


growth on each medium over that on the basal medium is also given for both 


varieties of tubercle bacilli. 

Growth was most rapid on the bovine albumin-enriched medium. Extreme 
differences in effect on the growth of tubercle bacilli were noted with the different 
types of activated carbons; C-190-N stimulated growth of the human strain 


20.8 per cent, as did the human serum medium. The C-115-N charcoal medium 


accelerated the generation time 16.7 percent, whereas the WA charcoal medium 


produced only 4.1 per cent stimulation over the basal medium, and Aqua A 
exhibited no stimulation. Although generation times were less regular, the 
avian tubercle bacilli manifested a similar pattern of response to the four 
charcoals, C-190-N again proving to be the most effective in stimulating the 
rate of growth. With both varieties of VW. tuberculosis, the oleic albumin enrich- 
ment was nearly as effective as C-190-N. In the first two trials with human 


strains, the generation times (22.8 hours) were identical on the two media 
Twenty-six three-day pooled sputum specimens were cultured on Petragnani 
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TABLE 2 
or Cuttrurtne 26 Toree-Day PooLep Specimens, tN 4 OF Wien Acip 
Fast Were Derecteo BY Microscortc EXAMINATION 


\ erage re | Ons ar wt 

Appeared 
Chareoal (C-115-EV 1:1, 300,000 12 7 IS 5 
Charcoal (C-190-E\ 300000 Ww 15 
Petragnant None A iZ 


medium, and on the charcoal media C-190-N and C-115-N. The charcoal media 
contained 121,300,000 ethyl violet, as well as the concentrations of penicillin 
and cycloheximide previously noted 

Table 2 records the number of isolations and the average time required for 
detection of M. tuberculosis on the three media. In addition, the table includes 
the contamination encountered in culturing the 26 specimens, in 4 of which acid 
fast bacilli morphologically identical to tubercle bacilli were found by micro 
scopic examination. The Petragnani medium yielded 6 cultures of M. tubereu 
losis as compared with 7 for the charcoal medium (C-1lo EV). However, the 
least contamination was experienced with the Petragnani medium. It was possible 
to detect colonies of M. tuberculosis on some cultures which were contaminated 
but not overgrown 

The excessive contamination of the experimental media was considered to be 
probably due to reduction in active ethyl violet concentration through its adsorp 
tion by the charcoal. This possibility led to a study of generation times of human 
tubercle bacilli on these two media, as well as on different preparations of C-190 
EV containing: 1:200,000, 1:400,000, 1:600.000, 121,000,000 and 1: 1,200,000 
ethyl violet. This experiment was done in order to determine the highest con 
centration of ethyl violet which could be used in this medium without hindering 
multiplication of tubercle bacilli 

As shown in table 3, the generation times for all concentrations of ethyl! violet 
in the charcoal (C-190-EV) medium were identical until, at 1:400,000, it rose 
from 22.8 to 24.0 hours. In the medium containing 1:200,000 ethyl \ iolet, the 
time greatly increased to 31.2 and 32.6 hours, Therefore this medium was not 
included in the study of these media in the culture of three-day pooled specimens 
of sputum, the results of which are presented in table 4 

In culturing 42 specimens, 11 isolations of tubercle bacilli were obtamed with 
the charcoal C-190-EV medium, which contained 1:400,000 ethyl violet, as eora 
pared with 8 for the Petragnani medium, and the number of contaminated cul 
tures was less on the charcoal than in any other medium. Fewer ¢ ultures of tubercle 
bacilli were obtained with the other media, probably due to a greater number of 
tubes being partially or completely overgrown with contaminants. As on the 
Petragnani medium, tubercle bacilli were isolated in some instances on all char 
coal media. although other microorganisms had likewise produced colonies on the 
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TABLE 3 
Tue Rare or Gaowrn or Recentiy Strains or M. Tuserceiosis var. Hominis 
on Cuancoat Acar Meota witn Concentrations or VioLetr 


Grade of Charcoal in Medium | Ethyl Violet Content Trial Cengage Tine 
ou 


1:1, 300,000 
1:1, 300,000 


121,200,000 


~ 


¥ 
~ 


12800000 


¥ 
~ 


12400 000 


tw 
~ 


12200000 
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TABLE 4 
Resucrs 42 Taree-pay Seurum Specimens, 3 of Waicn Acip- 
Fast Were Decrecrep Microscoric EXAMINATION 


Overgrown 
Contaminated with 
| Contaminants 


Ethyl Violet Positive for M 


Medium 
Content Tubhercelosis 


Chareoal (C-190-EV) 12400000 
Charcoal (C-190-EN 12600 
Chareoal (C-190-EV 000 
1: 1,000,000 
Chareoal (C-190-E\V 121,200,000 


Petragnani None 


‘ 
? 


2 
3 


13 


Charcoal 


Ethy! violet in a concentration of 1:400,000 was incorporated in the three other 
charcoal media previously studied to determine the effect of this dye in the pres- 
ence of C-115-N, WA, and Aqua A on the generation times of a mixture of two 
newly isolated strains of human tubercle bacilli. These charcoal media were com- 
pared with the basal medium and with the basal medium enriched with the sub- 
stances previously studied. The generation time of these organisms was 27.6 
hours on the charcoal (C-190-EV) medium, as opposed to 24.0 hours for the 
human strains previously used in the study of this medium. However, the findings 
with the other media corresponded to the previous results in that they stimulated 
growth to approximately the same extent over the generation time on the en- 
riched medium. 

The experimental charcoal medium (C-190-EV) containing 1:400,000 ethy!l- 
violet was compared in routine culture of 70 specimens of sputum, gastric wash 
ings, and other pathologic material. Seven of these specimens were positive for 
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acid-fn oast bacilli microscopic examination. Eighteen isolations of M. tubercu- 
losis were obtained on the charcoal medium; while, on Petragnani, 12 specimens 
were positive for tubercle bacilli. Fourteen charcoal (C-190-EV) medium cultures 
showed some contamination and 5 were overgrown with the contaminating 
microorganisms. On Petragnani medium, 26 were partially contaminated and 6 
were overgrown. Thus, a greater recovery of tubercle bacilli with fewer contami- 
nated cultures was achieved using the charcoal experimental medium. 


DISCUSSION 


The Nuchar" grades C-190-N and C-115-N of activated charcoal both stimu- 
lated growth of tubercle bacilli sufficiently to be utilized in culture media as 
substitutes for human and bovine serum or albumin. The charcoal grade C-190-N 
proved superior in this respect. Use of this activated carbon simplifies the prepara 
tion of culture media since, unlike the other enrichments studied, it can be added 
before sterilization by autoclaving. Thus, a saving in time is effected and the 
danger of accidental contamination during preparation is reduced. The penicillin 
inhibitory mixture is not as likely to contain viable 


cycloheximide ( Actidione) 
bacteria before its addition to the medium. The greatest stimulatory effect was 
obtained through the addition of bovine albumin to the basal medium. The char 
coal C-190-N enhanced growth nearly as effectively as bovine albumin, however, 
and was approximately equivalent to human serum with respect to stimulatory 
effect. 

The activated charcoals used in the various media are purified products of 
cellulose manufacture. Each grade is designed for a particular function. Thus, 
it is not unexpected that differences in effectiveness in promoting growth of M 
tuberculosis might be found in this study. The C-115-N and C-190-N grades of 
charcoal will adsorb fat and fatty acids more effectively than will the grades WA 
and Aqua A (12). The WA grade charcoal has a low affinity for dyes, which is 
reflected in the greater effectiveness of more dilute concentrations of ethy! violet 
in the WA charcoal medium in preventing the growth of contaminants. 

The writers believe that the activated charcoals act as protective agents, as 
do starch and blood and egg constituents, adsorbing toxic substances present in 
trace amounts in the medium. Whether they serve other purposes in the medium 
is not known at present. Oxygen bound to the surface of the charcoal particles 
may be available for utilization by the highly aerobic tubercle bacillus 

In culturing pathologic material, growth of M. tuberculosis on the charcoal 
C-190-EV medium was much more abundant at the conclusion of the 42-day 
incubation period than on the Petragnani medium 

The 1:400,000 concentration of ethyl violet used in the final charcoal (C-190- 
EV) medium is greater than that found necessary to inhibit contaminants in 
agar enriched with bovine albumin or oleic albumin. In these media, this amount 
of dye was found to be toxic for the tubercle bacillus. In the presence of the 
charcoals, however, a portion of the added ethy! violet is rendered inactive, prob 
ably through adsorption 

The concentrations of penicillin and cycloheximide (Actidione”) were deter 


“a 
4 
> 
4 
AS 


388 WHALEN AND MALLMANN 


mined through previous study in other experimental media. The presence of 
ethyl! violet, as used in the media, does not prevent growth of streptococci and 
fungi. Use of penicillin effectively reduces contamination by the former. Cultures 
inoculated with sputum from patients receiving streptomycin therapy have been 
found to be frequently contaminated with fungi, especially those of yeastlike 
morphology. Cycloheximide has reduced this contamination extensively. The 
charcoal agar media containing these agents and used in the comparative studies 
were contaminated more frequently than had been the case in the past when 
penicillin and eycloheximide were incorporated in ethyl violet agar media en- 
riched with bovine albumin. Perhaps the activated carbon also reduced the 
activity of these agents 

It was anticipated that the avian strains of M. tuberculosis would grow more 
rapidly on all media than did those of the human variety. However, little differ- 
ence in the generation time was noted. Perhaps the fact that one of the two 
strains used had been very recently isolated was responsible for the deviation 
from behavior previously experienced with such strains. Final growth on all 


media, however, was more luxuriant with the avian bacilli 


SUMMARY 


The growth stimulation of recently isolated strains of Mycobacterium tubercu- 


losis produced by bovine albumin, oleic albumin, human serum, and four grades 


of activated charcoal was determined. Bovine albumin produced the greatest 
stimulation. The effect of charcoal C-190-N was equivalent to human serum and 
oleic albumin. Two other charcoals stimulated growth to a lesser extent 

Studies of generation times of tubercle bacilli on agar media containing char 
coal C-190-N and use of these media for primary isolation of M. tubercluosis 
established that 1: 400,000 is the optimum selective concentration of ethyl violet 
6B. In culturing pathologic material, the charcoal (C-190-N) agar contaming 
ethyl! violet, penicillin, and eycloheximide (Actidione") was less frequently con- 
taminated than the Petragnani medium. A greater and more rapid recovery of 
M. tuberculosis was obtained with this charcoal medium 

Activated charcoal probably adsorbs substances toxic to tubercle bacilli. The 
medium is economically and easily prepared; sterilization is by autoclaving 


SUMARIO 
Los Medios de Agar y Carbon Vegetal para el Cultivo del Mycobacterium Tuberculosis 


Quedé demostrada la excitacién del desarrollo de cepas recién aisladas del M yeobacteritum 
tuberculosis producida por la albdmina bovina, la albdmina oleica, el suero humano y cuatro 
clases de carbén vegetal activado. La albdmina bovina produjo la mayor excitacin he 
efecto del carbén vegetal C-100-N fué equivalente al del suero humano y de la albdmina 
oleica, Los carbones vegetales C-115-N y WA también excitaron el desarrollo, pero en menor 
grado 

Los estudios de los tiempos de generacién de los bacilos tuberculosos en medios de agar 
que contenfan C-190-N y varias concentraciones de violeta de etilo 6B, asf como el cultivo 
de esputos combinados de tres dias en dichos medios, establecieron que una concentracin 
al 1:400,000 de ese colorante no afeeta apreciablemente la velocidad del desarrollo, pero si 
avuda a inhibit la proliferacién de bacterias inconvenientes. El agar C-190-N, que contenta 
violeta de etilo al 1:400,000, 100 unidades de penicillina por ml. vy 100 y de Ac tidione” por 
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CHARCOAL MEDIUM FOR M. TUBERCULOSIS 


ml., al cultivar miterial patolégieo, resulté estar contaminado menos frecuentemente que 


el medio de Petragnani. Con este medio de carbén vegetal se obtuvo una cosecha mavor 4 
mas rapida del M. tuberculosia 
kl carbén vegetal activado adsorbe probablemente substancias t6xicas para los bacilos 


tuberculosos. kl medio es faeil de preparar, dado que la esterilizacién es al autoclave 


RESUME 


Vilieu au charbon agar pour la culture du VU ycohacterium tuberculosis 


Démonstration de la stimulation de la croissance de souches fratchement isolées de M 
tuberculosis sur milieux albumine bovine, albumine oléique, sérum humain et quatre caté 
L.’albumine bovine procure la stimulation la plus marquée. L'a 


gories de charbon active 
Les charbons 


tion du charbon est égale A celle du sérum humain et de l’albumine oléique 
C-115-N et WA stimulent également la sroissance, mais A un moindre degré Aqua A ne 
modifiait pas le temps de reproduction obtenu avec le milieu de base 

La recherche du temps de reproduction des B.K. sur le milieu agar renfermant le C190 
N et le violet-éthyle 6B A diverses concentrations, de méme que la culture sur ces milieux 
de crachats recueillis pendant trois jours ontdémontré que ce ¢ olorant, A la concentration 
de 1/400,000. n'influence pus le taux de croissance de fagon appréciable, mais facilite inhi 
bition de la croissance des bactéries indésirables L’agar C-100-N, renfermant 1/400.000 de 
violet-éthyle, 100 unités de pénicilline et 100 y» d'Actidione® par ml 


I'échantillon pathologique, a été trouvé moins fréquemment contaminé que le milieu Pétra 


utilisé pour cultiver 


gnam. Ce milieu aucharbon a permis d’obtenir le M. tuberculosis en plus grande quantité et 


plus rapidement 


Le charbon activé adsorbe probablement substances toxiques pour le BK. La prépara 


tion de ce milieu est facile, car la stérilisation se fait aA l'autoclave 
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TUBERCULOUS PATIENTS’ 
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(Received for publication November 5, 1954) 


INTRODUCTION 


It is well established that isoniazid-resistant mutants of tubercle bacilli have 
diminished pathogenicity for guinea pigs (1-6). This attenuation of pathoge- 
nicity has been directly related to the physiologic deficiency of such mutants in 
endogenous catalase activity (5). It manifests itself as an inability of these or- 
ganisms to multiply in the non-necrotic tissues of the tuberculous-allergic animal. 

There is a high incidence of isoniazid-resistant mutants which can be isolated 
in vitro (7) from isoniazid-susceptible populations of tubercle bacilli as well as 
from many tuberculous patients treated with this agent (8). In spite of this fact, 
the first report (9) on the clinical results of isoniazid therapy in miliary tuber- 
culosis clearly indicated that, in this disease, ‘‘relapse’’ under treatment with 
isoniazid (alone) was very rare. Subsequent experience has confirmed this ob- 
servation. It stands in marked contrast to the previous experience of the same 
investigators (as confirmed by many others) that relapse under similar condi- 
tions (10) in patients on treatment with streptomycin (alone) was not infrequent 
and was attributable, in most cases, to the failure of streptomycin to inhibit the 
multiplication of pathogenic, streptomycin-resistant mutants in vive (11). 

The analogous situation with regard to pulmonary tuberculosis, on the other 
hand, has not been so clear. Nearly all investigators have reported ‘‘deteriora- 
tion,”’ “relapse,” or “‘roentgenographic worsening”’ in isoniazid-treated patients 
with this form of the disease. In many instances they have related such ‘“‘un- 
favorable changes” to the presence of isoniazid-resistant mutants of tubercle 
bacilli in the sputum. Therefore, it has been assumed by several observers that 
isoniazid-resistant mutants of tubercle bacilli are, in human beings as in mice, 
either fully pathogenic or insignificantly less pathogenic than isoniazid-sus- 
ceptible strains 

There is no doubt that episodes of roentgenographie worsening do occur dur- 
ing the course of isoniazid therapy of pulmonary tuberculosis in man. Neverthe- 
less, as pointed out elsewhere (12, 13), whether or not such episodes may justi- 


fiably be considered bona fide progressive ‘spreads’ seems either to have been 


ignored or to have been deemed superfluous. Some observers have been im- 


' From the National Jewish Hospital at Denver, Colorado; and the University of Colo 
rado School of Medicine 
* In this context, the term “‘spread”’ is used in a generally accepted sense, as defined 
by Pagel (14): **The original focus has continued its activity and from this focus broncho 
genic aspiration has resulted, and new foci appear in new areas of the same or opposite 
lung.” 
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pressed by the continued general clinical improvement of many patients long 
after the appearance of isoniazid-resistant mutants in the sputum. In contrast, 
other observers have been equally impressed by the prompt interruption of such 
improvement in certain patients at the very time when isoniazid-resistant mu 
tants first rapidly increased in numbers in the sputum. Even this interruption 
of improvement, without clinical “deterioration,” has been interpreted by some 
investigators as evidence that isoniazid-resistant mutants are not attenuated 
for man. 

It has been emphasized (1) that isoniazid-resistant mutants can multiply 
freely in previously established, open pulmonary cavities. Hence, it seemed 
reasonable to the writers to assume that the resumption and continuation of 
multiplication of drug-resistant tubercle bacilli, in spite of a pronounced de 
crease in their pathogenicity, could account for the return of mild clinical toxie 
ity. Moreover, the same phenomenon might account for unquestionable roent 
genographic manifestations of changes in cavity size and of mechanical 
disturbances in function, with changes in density in contiguous tissues. (With 
respect to cavity size, the writers would quote MeDermott and co-workers (9) 
in this connection: “Changes in cavity size of a considerable degree may also 
occur without representing any real changes in the drug-parasite-host relation 
ships.”’) 

For these reasons, it was deemed necessary to examine other phenomena than 
these in order to derive from the available clinical material an approximate 
answer to the question of pathogenicity of isoniazid-resistant tubercle bacilli for 
human beings—in particular, for those who are already tuberculous 

Progressive, bronchogenic (tubular) “spread” is an integral step in the natural 
history of progressive open, cavitary, pulmonary tuberculosis; its frequency is 
high in untreated, advanced disease, when the sputum is persistently positive 
for tubercle bacilli. It is generally accepted that, in patients with this type of 
disease who have been treated with streptomycin and who persistently excrete 
streptomycin-resistant bacilli, progressive ‘“‘spreads’’ do not necessarily oecur, 
but they are not uncommon, regardless of whether or not streptomycin is ad 
ministered (15) 

The mechanics of progressive, bronchogenic spread are understood. Living 
tubercle bacilh, discharged into the draining bronchus, are aspirated into pre 
viously uninvolved parenchyma, there to initiate and continue multiplication 
and to produce lesions of tuberculous pneumonia, necrosis and, frequently, 
excavation. 

Experimental observations in guinea pigs have revealed that isoniazid-resist 
ant mutants of tubercle bacilli are strictly limited in their ability, once they 
have been implanted, to continue multiplication in previously uninvolved paren 
chyma of guinea pig lungs (5). 

It seemed plausible, therefore, to conclude that any attenuation of isoniazid 
resistant mutants for human beings should manifest itself primarily in a sig 
nificantly decreased incidence of progressive bronchogenic spreads of tuberculous 


infection in patients with pulmonary tuberculosis who are under treatment with 
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soniazid. That the incidence of such “spreads” may well be diminished under 


these conditions has been indicated by the Cornell investigators (12), who have 


employed the phrase “prolongation of total antimicrobial action” to deseribe 


this phenomenon 


It has already been pointed out that apparent “‘relapses’’ do occur in isoniazid- 


treated patients. Mechanical atelectases and the well-known, though not so 


well-defined, clinical entity, “epituberculosis,”’ may fairly be differentiated from 


bona fide bronchogenic “spread” in any patient with pulmonary tuberculosis 


only by the subsequent course of events. In the former conditions, the roent 


genographic densities and the occasionally accompanying evidences of clinical 


toxicity appear with some suddenness, promptly reach maximum intensity, and 


disappear either slowly or rapidly. On the other hand, the progressive character 


of bronchogenic spread of tuberculous infection in new areas of the lungs, in 


most cases, clearly distinguishes it from the former entities. There is no reason, 


in the opinion of the writers, to believe that those conditions which lead to mani- 


festations of atelectasis or “epituberculosis’” might be affected by isoniazid 


therapy, except possibly to be increased.’ 


The purpose of this paper is to present the results of the writers’ practice of 


maintaining previously treated, persistently “sputum-positive’’ patients on long 


term, ambulatory treatment with isoniazid alone. This practice was followed 


without changing regimen without adding other antituberculous agents and, 


in most cases, without discontinuing isoniazid —in the face of clinical, roent 


genographic, or other change which might have been hastily interpreted as 


“spread’’ caused by fully pathogenic tubercle bacilh 


MATERIALS AND METHODS 


The cases selected for this study were derived from the adult medical service 
and the follow-up department of the National Jewish Hospital during the past 


two and a half years. The prolonged administration of isoniazid to all patients 
in the study had been preceded by treatment with either streptomycin, para 
aminosalieylic acid (PAS), or viomycin, or combinations of these agents. This 


pre-isoniazid treatment had been given prior to admission to the hospital or 


previously during the present hospitalization. Thus, the cases followed for this 
study are obviously derived from a much larger group of patients whose sputum 
in most instances became negative for tubercle bacilli or was not persistently 


positive after treatment with isoniazid in combination with other agents 
Accordingly, all tuberculous patients with advanced pulmonary tuberculosis 


whose course strictly satisfied the following criteria were included in the study: 


1. Persistently positive sputum specimens (both smear and culture) containing large 


numbers of mutants of typical, mammalian-type tubercle bacilli resistant to at least 


under certain ill-defined conditions, isoniazid-resistant 


* There is 


mutants which are catalase -negative and highly attenuated for guinea pigs may, never 


a possibility that 


theless, be capable of proliferating in taberculous lymph nodes. This is supported by some 


observations of other investigators (9, 12) and by observations in a few isoniazid-treated 


children, and in at least one adult with mediastinal tuberculous nodes who is at the Na 


tional Jewish Hospit il. These observations will be deseribed elsewhere 
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ly of isoniazid per mi. of medium during an observation period of not less than six months 
2 Treatment with isoniazid alone in daily dosage of 4 to 16 mg. per kg.’ during the 


entire period of observation, with the following exceptions 


In 4 patients (one permanently; 3 for only one to three and one-half months 


isoniazid was discontinued because of drug toxicity or idiosynerasy, but no other 


antituberculous agent was employed 
In 10 patients isoniazid was discontinued for one month, in order to afford a 
period of therapeutic trial of another agent. The trial agent had, during this 


period ne qualit itively or quane: stively detected clinical or bactenologie tn 


fluence whatsoever on the tuberculous processes in these patients; ison izid was 


continued thereafter in the same dosage without further interruption 


Kight of the patients included in this study received streptomycin for short 


wriods of time during the observation period. These patients, nevertheless, were 


tubercle 


included in the study beeause large numbers of streptomycin resistant 


bacilli were repeatedly isolated from their sputum before, during ind after these 


periods of administration of streptomycin 


The bacteriologic methods applied in this study have been deseribed (16 


They consisted of concentration, examination of stained smears decontamina 


tion, culture, drug-susceptibility studies by the direct method, and catalase 


tests on each specimen. Specimens were usually examined at monthly intervals, 


or more frequently 


Standard postero-anterior roentgenograms of the chest were taken at intervals 


of four to six weeks, or more frequently They were routinely examined by both 


the roentgenologist and the entire medical and surgical house stafl Lateral 


Views, apical lordotic, oblique, and tomographic studies were done Whenever 


indicated 
Nearly all patients in this study received thiamine (100 mg. per day by mouth) 
and pyridoxine (25to 100 mg. per day by mouth) during the period of observa 


tion. In general, no other nutritional supplements were preseribed 
If there was cause to suspect that a patient was not taking isoniazid by mouth, 


it was administered by the intramuscular route 
All patients in this study were permitted physical activity as deseribed ina 


previous communication (17). In the absence of elinieal evidence of toxicity, 


strict bed rest was never preseribed. However, 4 of the patients included in this 


study suffered such limitation of cardiopulmonary function that they were un 


able to enjoy much physical activity 
Forty-five patients are available for this report, 21 females and 24 males 


The average age of the females was thirty-six years; of the males, forty three 


yvears 
Clinical or roentgenographice evidence of progressiwe tuberculous disease had 
been present in all but 13 of the 45 patients of this study within less than twelve 


months before initiation of chemotherapy with isoniazid. The tuberculous proc 


esses in these 13 patients had been “active” but “stabilized” with streptomyein, 


‘In general, all patients in this study who were treated with isoniazid at this hospit il 


ifter April, 1953, received this drug in daily dosages of S mg. per kg. in two divided doses 


Thus, each patient wes maintained, for the most part, on this dosage for his respe tive 


observation period 
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PAS, or viomycin, alone or with various combinations of these agents, either 
intermittently or continuously, for periods longer than twelve months before 


treatment with isoniazid was started. 


OBSERVATIONS 


The 45 patients of this study have thus far been observed, under conditions 
previously described, for the following periods of time: 11 for six to eight months; 
17 for nine to twelve months; 12 for thirteen to eighteen months; and 5 for 
eighteen to twenty-five months. Thus, there was an average of twelve months’ 


observation time per patient. 


Roentgenographic Course During the Prolonged Isoniazid Therapy of Patients 
with “I soniazid-Resistant” Tubercle Bacilii 


No significant roentgenographic change 


In 32 patients there were no significant changes in serial chest roentgenograms 
except for changes obviously caused by surgical procedures. 


Roentgenographic improvement 


Two patients showed marked improvement. One of the 2 had far advanced 
silicotuberculosis with large cavities on both sides. The roentgenographic shad- 
ows regressed and cavities strikingly decreased in size in the comparatively 
short period of ten months. The patient was recently discharged home and has 
been leading a relatively active life. The second case was that of an elderly white 
man who had a large cavity in the apical region and had developed a fresh, 
smaller cavity in the lower field of the same lung while on a low-cdosage, probably 
irregular, regimen of isoniazid therapy. On admission the sputum was highly 


positive for V ycobacterium tuberculosis, and the strain was found to be resistant 


to both streptomycin and isoniazid and was catalase-positive. At that point, 
isoniazid dosage was increased to 8 mg. per kg. of body weight per day. Within 
three months the “fresh’’ cavity disappeared and was not demonstrable even 
on tomograms. During the same period extensive flocculant shadows in the 
contralateral lung had greatly cleared. 


“Roenlgenographic worsening” 


Eleven patients showed “roentgenographic worsening” which might, on short- 
term evaluation, have been interpreted as evidence of “deterioration” or ‘“‘re- 
lapse."’ These changes can be roughly divided into three categories: increases in 
cavity size, “transient infiltrates,” and new, more persistent shadows 

Increase in cavity size: There were 4 patients whose cavities became progres- 
sively larger and the cavity walls thinner.’ The clinical course of one of these 
patients (D-L.T.) is deseribed below. 

Although the ultimate fate of such cavities may, in some cases, be sterilization of the 
cavity lining, the ever-increasing size may seriously embarrass respiratory function. In 
crease of size of such cavities is usually caused by coughing, with consequent expansion 
of the thin eavity wall, which is devoid of elastic tissue and cannot, therefore, return to 


its former state 
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OF ISONTAZID-RESISTANT 


PATHOGENICITY 


HUMAN 


“Transient infiltrates”: In 4 patients there were “transient infiltrates.’’ One 
patient developed, after classical thoracoplasty, an extensive infiltration in the 
contralateral lower lung field, for all practical purposes indistinguishable from a 
tuberculous bronchopneumonic lesion. Under continuous isoniazid therapy, 
this lesion cleared within a few weeks 

Another patient developed, without any clinical symptoms or signs, multiple 
infiltrations in previously affected areas. The only abnormal finding at that time 
was an increased erythrocyte sedimentation rate. The most likely explanation 
for this event was spilling of softened caseous cavitary contents into the bron 
chial tree, aspiration, and subsequent bronchial embolism. The “lesions,” if any, 
caused by the attenuated microorganisms were short-lived, and within a few 
weeks the newly developed shadows regressed completely 

The third patient with “transient infiltrate,” a 39-year-old white, married 
female, was admitted to the hospital with far advanced, but mainly unilateral 
cavitary, disease. Lsoniazid treatment was started in April, 1952. In May, 1952, 
isoniazid-resistant tubercle bacilli were isolated from her sputum for the first 
time. Isoniazid resistance persisted ; the bacilli were catalase-negative throughout 
her stay. A seven-rib thoracoplasty was planned in the summer of 1953. How 
ever, in July, 1953, a routine roentgenogram revealed a very marked increase of 
density between the lateral wall of the cavity in the right mid-field and the chest 
wall. At the same time her temperature rose to LOO'F. and her erythrocyte sedi 
mentation rate, which was 13 mm. in May, rose to 51 mm. The patient was 
febrile for only a few days, and on subsequent roentgenograms the new shadows 
regressed and had disappeared completely by October, 1953, when thoracoplasty 
was eventually performed, Subsequently, in September, 1954, the patient had 
a resection of the right upper lobe; her sputum, however, remained positive, 
with isoniazid-resistant tubercle bacilli 

The fourth case was that of a patient with a completely destroyed left ling 
who showed slight increase of a previously present contralateral shadow. At the 
same time temperature elevation, anorexia, and malaise were observed for a few 
days only. Within four weeks this shadow returned to its former size and ap 
pearance 

Vew persistent densities: In 2 of the 45 patients, new “lesions” suddenly ap 
peared and persisted during the observation period. These shadows showed only 
as much regression as some previously untreated tuberculous lesions show after 
antimicrobial treatment has first been initiated. The first of these two new le 
sions developed immediately after extensive unilateral “classical” thoracoplasty 
The lesion appeared in the lower contralateral lung field and regressed slowly 
during a period of seventeen months’ observation (clinical course of this patient 
(C. R.) is deseribed below). 

The other instance of a new lesion occurred in a 48-year-old white 
man (D-V. C.) who had far advanced tuberculosis of the right lung and diffuse 
dilatation of the aorta of undetermined origin. He was admitted in November, 
1953, and, as he had received isoniazid therapy before his admission, his micro 
organisms were found to be isoniazid-resistant and catalase-negative. For diag 
nostic reasons, angiocardiography was performed on January 30, 1954. For 
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technical reasons, only the pulmonary vessels were roentgenographically dem- 
onstrated. There was no immediate untoward reaction. However, from February 
7 to February 21, 1954, he had slight fever (99° to LOO°F.), with no other symp- 
tomes or signs. A roentgenogram, taken on March 12, 1954, showed new, diffuse, 
mottled shadows in a hitherto apparently unaffected area in the left mid-lung 
field (probably lingula). The erythrocyte sedimentation rate showed only a 
slight rise. 

Under continued iser-uzid therapy the patient remained asymptomatic and 
the roentgenographic shadows regressed slowly over a period of four months. 
At the end of this time, however, a second sudden rise of temperature to 103.4°F. 
oceurred on June 29, 1054. Penicillin (00,000 units twice daily, intramuscularly ) 
and erythromycin (O04 gm. three times daily by mouth) were administered. The 
fever disappeared in twenty-four hours and body temperature remained normal 
thereafter (more than four months). A roentgenogram of the chest on July 6, 
1054, revealed new shadows in an area adjacent to the previously noted shadows 
in the lingula of the left upper lobe. These new shadows, in turn, regressed mark- 
edly over the next four months. Tomograms on October 5, 1954, showed a small 
area of rarefaction in the lingula. 

The peculiar circumstances under which these two “relapses”? occurred in 
this patient merit consideration. There was marked anatomic distortion of his 
thoracic viscera, caused by the enormous enlargement of the aorta (12 em. in 
diameter at the third rib anteriorly in ordinary postero-anterior chest roent- 
genogram). The sudden appearance and remissions of clinical illness, which were 
apparently associated with the development of new shadows in the lingula, 
were not typical ol progressive tuberculous infection. 

It has been concluded that no definite opinion is justified of the possible role 
of multiplication of isoniazid-resistant, catalase-negative tubercle bacilli in the 
etiology of these new lesions in this patient. 

A third patient (mentioned below under Clinical Course) developed an inter- 
lobar effusion during the period of observation, with localized pain and pleural 
rub, but without rise of temperature or of erythrocyte sedimentation rate 


Results of Bacterial Catalase Tests 


Catalase tests (16) were performed on several cultures from each patient 
during the course of this study (beginning in January, 1954). The results may 
be summarized as follows: 25 patients yielded only catalase-negative, resistant 
organisms; 17 patients yielded catalase-positive, resistant organisms — rarely in 
pure culture most commonly in variable proportions with catalase-negative, 
resistant bacilli; and the organisms from one patient were not tested for catalase 
activity 

The remaining 2 patients yielded only catalase-negative, isoniazid-resistant 
cultures during the earlier period of study and “special mixed” cultures with 
some catalase-positive, resistant bacilli later. These 2 patients, whose isonia- 


zid therapy had been started at no less than 8 mg. per kg. per day, were subse 


quently treated with only half this dosage. There was a variable period of time 
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after the reduction in dosage before the catalase-positive, resistant mutants 


first made their appearance. Subsequent increase in dosage did not effect disap 


pearance ot the catalase-positive members of the population from their sputum 


Clinical Course 


fody weight: Nearly all of the patients in the study either gained weight 


slowly or maintained their previous we ights. Oniv changes of plus or minus 10 


per cent or more were deemed, in this study, to be significant for evaluation 


The chosen “base line” was the weight of the patient at the beginning of the 


observation period 
Thus, 4 patients gained 10 per cent or more in we ight; 9 patients (2 of whom 


were obese) lost 10 per cent or more of their weight; and there were vanations 


of less than plus or minus 10 per cent in 32 patients 
The following patients suffered significant weight losses: 


C.R catalase positive isoniazid resistant baeilh \ weight loss of 21 per cent 


tron pend of 


occurred in this patient within the first nine months of the observa | 


months. During this period the patient had an extraperiosteal plastic sponge plombage 


the sponge had to be removed later because of unspecific, prob ibly nonmicrobial sup 


uration (allergic to sponge material) of the extraperiosteal space «a ‘classical 


thoracoplasty was performed. At that time isoniazid therapy had to be discontinued 


because of severe neurotoxic symptoms (eee cane No. 6 in reference Is Repeated 
| 


ittempts to reinstitute isoniazid therapy along with pyridoxine were insuccessful 


Since the discontinuation of isoniazid therapy, however, during the iat thirteen 


months of the observation period, this patient regained 24 of the 30 pounds previously 


lost. His neurotoxic symptoms persisted, unchanged 


D-L. T. (catalase negative, isoniazid resistant bacilli 12 per cent weight loss 


occurred during the period of eleven months’ observation in this patient whose cavitary 


lesion showed bizarre changes im the sense of increase of cavitary diameter as seen on 


postero-anterior and tomogr iphie films, with concomitant thinning out of the cavitary 
wall. This appearance changed several times to thickening of cavitary wall, decreas 


of the cavitary diameter, and increase of pericavitary shadows This wae attributed 


to a valvular mechanism in the draining bronchus of the cavity. During these spells 


the patient coughed a great deal, his appetite was poor, and weight loss occurred 


D. M. (catalase-negative, isoniazid-resistant bacilli): This patient experienced a 


weight loss of 12 per cent during a period of nineteen months. A “classical” thorace 


jlasty and subsequent resection of the mght upper lobe were vrformed within the 


observation period. The last operation was pe rformed only two months before the end 


of the observation period The episodes of weight loss were sper ifically associated with 


the operative procedures 
L. BR. W. (catalase-negative, isoniazid-resistant bacilli): This patient had a 12 per 


cent weight loss which was attributed to persistent drainage from a bronehopleuro 


cutaneous fistula which was resected only six weeks before the end of the observation 


period of twenty five months 
H. D. M. (catalase-positive, isoniazid-resistant bacilli): A 10 per cent weight lows 


during the first nine months of the eighteen months’ observation occurred in this pa 


tient. She had had extensive thorac oplasty before admission to this heompat i| and wae 


left with gross cavitation on both sides. During her hospital stay, this patient had, in 


her pre-menstrual periods, a severe increase in coughing and, concomitant with that 


bouts of vomiting. Consequently there was rather marked fluctuation of weight asso 
weight in the last week of March, 1953, 99 pounds; in the 


ciated with such episodes 
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first week of April, 1953, 94.75 pounds). Similar episodes occurred at monthly or bi 
monthly intervals. The weight loss in this patient was, therefore, attributed to non 
tuberculous causes 

K. M. (catalase-positive, isoniazid-resistant bacilli): A 23 per cent weight loss oc 
curred in this patient. She was a 34-year-old white woman who had had extensive strep 
tomyecin- PAS therapy in other institutions as well as isoniazid therapy which, too 
was started before admission to this hospital. During the two years immediately prior 
to her admission, her condition was more or less stationary with little change in weight 
Her admission weight was 93 pounds and was stationary until August 11, 1953, when 
an extraperiosteal plombage was performed on the left side. Three weeks later her 
weight was 82 pounds. After the operation the patient went into acute heart failure, with 
edema of the legs, arma, and even of the face. On August 24, 1954, her total serum pro 
teins were only 5.3 gm. per 100 ml. with an inverted albumin-globulin ratio, During the 
next five months her condition was precarious. By October 12, 1955, she had Jost another 
8 pounds; this was attributable, however, to digitalization and diuresis. By January 
10, 1954, her condition had improved to such an extent-—her weight rose to 79 pounds 
and no edema was present that an open cavernostomy was performed and continuous 
suction drainage (Monaldi) was started. Her condition subsequently improved but 
very little; her sputum remained highly positive for tubercle bacilli and her weight 
was 74 pounds at the end of the observation period of twenty months 

The failure of this patient to maintain or gain weight was attributed to both her 
eardiopulmonary insufficiency and continuous drainage of large amounts of protein 
from an open cavernostomy 

T. J. (catalase-positive, isoniazid-resistant bacilli): A 20 percent weight loss occurred 
in this patient who had moderate to severe hemoptyses during the observation period 
ten months). One month after the beginning of the observation period, an extraperi 
osteal sponge plombage was performed without influence on the hemoptyses. One 
month before the end of the observation period a pneumonectomy was performed ; 
however, the patient's sputum remained positive for tubercle bacilli because of pre 


viously present contralateral cavitation 


Two additional patients lost more than 10 per cent of their weight intention 
ally, because of obesity. 

Erythrocyte sedimentation rates: With regard to erythrocyte sedimentation 
rates, there was no relationship between anatomic extents of disease and actual 
sedimentation rates, It was noted that even among those patients who had nor 
mal sedimentation rates there were some who had recently had pleural effusions 
or severe cough and expectoration with probable secondary bronchopulmonary 
infections. On the other hand, one patient has been well and performing a full 
day's work, five days a week, for the last year and has had no “toxic” manifesta 
tions whatsoever, in spite of a consistently elevated erythrocyte sedimentation 
rate during the entire observation period. 

Symptoms or signs of toricity: There were several patients, however, who 
manifested clinical symptoms or signs of “toxicity’’ which could be explained 
only on the basis of persistent multiplication of tubercle bacilli in open cavities, 
with absorption of the metabolic products of these organisms. 

Fight patients (6 females and 2 males) experienced brief episodes of tempera 
ture elevation up to 101°F. by mouth, associated with increased cough, expec- 
toration and, in some instances, chest pain and wheezing. Antimicrobial therapy 
with penicillin, erythromycin, or one of the tetracyclines often failed to lower 
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the body temperature to normal. Among these patients was D-L. T. (deseribed 
above) who had fever regularly associated with the already mentioned roent- 


genographic changes 

One patient (H. D. M.) had severe coughing spells (referred to above under 
Body weight), associated with vomiting, usually at the beginning of her menstrual 
It is interesting to note that these episodes continued unabated even 


period 
after reversal of infectiousness, which ultimately occurred (before sectional 
surgery) after twenty months of excreting isoniazid-resistant tubercle bacilli. 
This patient had extensive bronchiectatic changes in both upper lobes, and it is 
possible that the edema which is seen in some women in the pre-menstruum 
may have caused partial bronchial obstruction. The patient has subsequently 
had a resection of residual cavitary lesions and her general condition has im- 


proved. 

Four patients were severely debilitated by cardiopulmonary insufficiency. Three 
of these patients had had extensive collapse or sectional therapy (2 had seven 
rib thoracoplasties, and one had an extraperiosteal sponge plombage and open 
cavernostomy drainage), and the fourth patient had cor pulmonale on admission 
to the hospital. Their limitations of pulmonary function markedly restricted 


their physical activities. 
One patient mentioned previously developed a small interlobar effusion dur- 


ing the observation period. There was, however, no elevation of temperature or 


erythrocyte sedimentation rate at this time. 

Six patients had slight to moderate pulmonary hemorrhages. Three of these 
had had hemoptyses before the observation period, but the other 3 had pulmo- 
nary hemorrhages (one mild, 2 moderately severe) for the first time during the 


observation period. 


Surgical Procedures 


Twenty major pulmonary surgical procedures were performed on 15 of the 


15 patients during the observation period. There were twelve extraperiosteal 
five sectional procedures 


sponge plombages; two “‘classical’’ thoracoplasties; 


(lobectomies or pneumonectomies); and one cavernostomy with open drainage 


(Monaldi). 


In all but 5 patients, these operations were performed as preliminary proce 


dures to additional, more drastic interventions, with the ultimate goal to rid the 


patient of the source of his bacilliferous sputum. Two operations (a pneumones 


tomy for persistent hemorrhage, and a lobectomy, with excision of a broncho- 


pleurocutaneous fistula) were performed for obviously urgent indications 


It is important to note that the above-described surgical procedures failed to 


cause significant decreases in the numbers of isoniazid-resistant tubercle bacilli 


in the sputum of these patients; otherwise, they would not have been included 


in this study. 


DISCUSSION 


It has already been pointed out (12, 13) that the nature of “‘roentgenographic 


worsening” which has been reported to occur in some tuberculous patients dur 
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ing therapy with isoniazid has received little attention. Details of such episodes 
have not been catalogued in any of the large-scale cooperative investigations on 
the chemotherapy of tuberculosis 

The “relapses”’ (with possibly one exception, the case of D-V. C) observed in 
the present study should not, in the writers’ opinion, be considered bona fide, 
progressive, bronchogenic spreads of tuberculous infection. Failure of clinical or 
roentgenographic progression, despite continuance of the isoniazid alone and no 
prolonged bed-rest treatment or other intervention, makes it probable that any 
tubercle bacilli aspirated into the previously uninvolved lung of these patients 
were incapable of setting up progressive tuberculous processes by multiplication. 
Had these cases, and some 6 others® which have been encountered at the National 
Jewish Hospital, been hastily assumed to represent “true spread,” their therapy 
might have been changed. Regression of clinical signs and symptoms and of 
roentgenographic shadows, or their failure to progress, might then have been 
attributable to the change in therapeutic regimen 

It is also noteworthy that none of the other untoward events have occurred 
in patients on isoniazid therapy at the National Jewish Hospital, such as the 
development of tuberculous laryngitis, enteritis, miliary disease or meningitis, 
which were not uncommonly observed to develop in such persistently infectious, 
untreated cases during similar observation periods before the chemotherapeu- 
tie era 

In the writers’ opinion, the most important single event in the microbe-drug- 
host relationship which is responsible for the “prolongation of total antimicrobial 
activity’ (12) of isoniazid in tuberculous patients is microbial mutation to de- 
ficiency in endogenous catalase activity and deficiency in pathogenicity simul- 
taneously with mutation to isoniazid-resistance 

In general, therefore, it may be suggested that isoniazid in adequate dosage 
(16) achieves “physiologic imprisonment” (12) of tubercle bacilli in a threefold 
fashion in man 


It inhibits the multiplication of drug-susceptible organisms and, probably, under 
certain circumstances sterilizes them 

It loses this direct antimicrobial activity only when the parasite suffers genetic 
loss of a physiologic function which is essential for its full pathogenicity 

Its continued administration not only attacks the natively susceptible parasite 
which may be given an opportunity to multiply after long periods of metabolic 
quiescence in necrotic lesions; it also attacks any drug-susceptible, reverse-mutants 
which may make their appearance from drug-resistant populations 


Perhaps it is only a slight distortion of the facts to conclude that isoniazid is 
a remarkably unique chemotherapeutic agent. It attacks the susceptible parasite, 
while the host starves the drug-resistant mutant. 
Many aspects of isoniazid therapy of tuberculosis remain to be explored. Not 
the least important of these may be the possible difference in clinical significance 


* Exeluded from this report because of failure to satisfy all of the eriteria specified for 
selection for this study 
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of the two principal types of isoniazid-resistant mutants of tubercle bacilli 
which have been described: catalase-negative, which are highly attenuated for 
guinea pigs; and catalase-positive, which manifest various degrees of deficiency 
in this enzyme activity and roughly comparable degrees of attenuation for 
guinea pigs, from slight to moderate. Either type, or both, have been found in 
the sputum of isoniazid-treated tuberculous patients. However, as previously 
pointed out (16), the higher doses of isoniazid (no less than 8S mg. per kg. per 
day) usually prevent the emergence of the catalase positive resistant mutants 
im 

The catalase-positive, isoniazid-resistant mutants often manifest so little at 
tenuation for the guinea pig that they may, without strictly quantitative in 
vestigation, appear to be fully pathogenic for these animals. Therefore, it has 
been anticipated that such strains may well be potential agents of progressive 
“spreads” of tuberculous disease in man, both endogenous and exogenous (from 
the treated patient to other human beings). On the other hand, it is possible 
that a slight degree of attenuation of tubercle bacilli may manifest itself in a 
highly significant manner, clinically, in the partially immune tuberculous pa 
tient. In any event, the writers have failed to recognize any sign that the 17 
patients in this study who excreted large numbers of isoniazid-resistant, catalase 
positive bacilli fared less well than those 25 patients who excreted only catalase- 
negative organisms throughout the period of observation. 

Adequate study of this problem will obviously require observation and inves- 
tigation of larger numbers of patients than the present writers have had at their 
disposal. 

Another facet of the pathogenicity of catalase-deficient tubercle bacilli for 
human beings is the obvious complexity of the problem as it may apply to a 
particular individual. If the many variables of the growth environment which 
have already been seen (5) to determine whether or not catalase-negative strains 
will multiply in vitro are actually operative in vivo, then it is probable that the 
nutritional state of the specific host, as well as its ability to respond with an 
adequate inflammatory reaction, will play an important role in this parasite-host 
relationship. Thus, for example, the manganese content of the diet (5) and 
the possible existence of a nutritional and consequent host -tissue deficiency of 
this metal may be decisive in determining an unfavorable outcome of an infec 
tion with catalase-negative strains of tubercle bacilli in some patients 

Needless to say, there are probably many other, as yet unknown, variables 
which could tip the equilibrium in one direction or another. Suffice it to predict, 
therefore, that unequivocally progressive tuberculous infection and disease will 
be encountered in some persons as a result of multiplication of catalase-negative 
strains of isoniazid-resistant tubercle bacilli. To emphasize this probability, one 
may refer to the peculiar susceptibility of some rare human beings to strains of} 
tubercle bacilli (BCG) which are deficient in pathogenicity for the vast ma- 
jority of human beings (19, 20). 

The writers do not wish to imply by this reference the actual order of magnitude of 
human susceptibility to catalase-deficient strains of tubercle bacilli. If an opinion may 


be expressed, susceptibility to such strains should be much more common than to BCG 
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Lest there be some misunderstanding of the implications of the present ex- 
periences indicating a strictly limited pathogenicity of most isoniazid-resistant 
mutants for most tuberculous patients, the writers would like to express a firm 
conviction; namely, a “dead’’ tubercle bacillus will probably always be pre- 
ferred to a living tubercle bacillus, even though the latter, because of its de- 
ficiency in catalase activity, may be highly attenuated for the great majority of 
human beings 

Acceptance of the evidence that isoniazid-resistant, catalase-deficient strains 
of tubercle bacilli have altered pathogenic potentialities for human beings en- 
tails certain revisions in views and practices of chemotherapy in tuberculosis. 
Nevertheless, in the writers’ opinion, no efforts should be spared to improve on 
presently available means of “enhancing” the antimicrobial action of antituber- 
culous agents during the early phase of therapy. All efforts should be continued 
towgrd finding means to render as many patients as possible bacteriologically 
negative as soon as possible after initiation of chemotherapy 

To state our views in other words: If continuing multiplication of tubercle 
bacill in viwo cannot be avoided, let such organisms, at the very least, be highly 
resistant to the direct antibacterial effects of isoniazid, i.e. ‘“‘catalase-negative.’ 
Furthermore, let their presence not interfere with appropriate surgical efforts to 
close or remove the cavities in which these organisms multiply. 

The evidences of mild toxicity observed in several of the patients in this study 
are interpreted as the inevitable consequence of extensive multiplication of the 
attenuated tubercle bacilli in open cavities. These parasites appear to be indis- 
tinguishable from the typical, fully virulent isoniazid-susceptible parent organ- 
isms from which they are derived, except for their requirement of a ready ex- 
ternal source of soluble catalase for multiplication. Provided with exogenous 
catalase, they form “serpentine cords”; they produce “tuberculin” on autolysis; 
they elicit the classical Koch phenomenon in tuberculin-hypersensitive animals. 
Thus, their “poisonous” characteristics* have not been found to differ from those 
of their fully pathogenic, catalase-positive, isoniazid-susceptible parent organ- 
isms. Their “attenuation” appears to manifest itself exclusively in loss of ability 
to multiply progressively in new areas of parenchymal tissue in the hypersensi- 
tive host. 

Continued proliferation of attenuated, isoniazid-resistant bacilli in the cavity, 
their excretion into the draining bronchus, and the accompanying inflammatory 
responses in the allergic host result in a state of equilibrium between host and 
parasite which is not consistent with “good health” in many persons. Further- 
more, the pathologic processes which almost invariably follow on the prolonged 


periods of coughing suffered by many such patients may be anticipated. It may 


* Because of et ymologic considerations and their possible implications, the term ‘‘viru 
lence’’ has been purposely avoided in this report, notwithstanding previous definitions 
(21, 22) of the word The isoniazid resistant, catalase-deficient mutants although they 
manifest important attenuation in pathogenicity, might not be considered attenuated in 
virulence’: the poisonous qualities of their metabolic products may be viewed as essential 


but not sufficient for full pathogenicity 
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even be suggested that repeated aspiration of these “functionally sterile” ot 
ganisms and of purulent cavitary secretions during prolonged periods into nor 
mal pulmonary parenchyma could ultimately induce pathologie changes result 


ing in seriously progressive limitation of cardiopulmonary tunction 


SUMMARY 


Observations are described on 45 patients with advanced pulmonary tuber 
culosis who persistently excreted isoniazid-resistant mutants of tubercle bacilli 
but were maintained on chemotherapy with isoniazid alone for periods of six to 
twenty-five months (average of one year per patient) alter completing pre- 
liminary combined drug therapy 

Failure of new lesions of progressive tuberculous disease to develop in any, 
except possibly one, of these patients under these conditions is consistent with 
certain observations of other investigators on the treatment of tuberculosis with 
this agent 

These experiences are interpreted as indirect evidence that the pathogens 
potentialities of most isoniazid-resistant mutants of typical mammalian-type 


tubercle bacilli are strictly limited in an important manner for most tuberculous 


patients 


st MARIO 
Observaciones Relativas a la Pategenicidad de la VUiutante leoniacidorre de Ba 
Tuberculosos para los Tuberculoso 


tenian tuberculosis | il 


Describense las observaciones realizadas en 45 enfermos que 
monar avanzada excretaban persistentemente mutantes de bacilos 
tuberculosos pero que fueron mantenidos a quimioterapia con la isoniacida sola durante 


periodos de seis i veinticineo meses promediando un iho por persona después de terminar 


la farmacoterapia combinada preliminar 


estos 


La falta de aparicién de nuevas lesiones de ifeccion tuberculosa evolutiva en 
sujetos, con la posible eXcepeion de uno, en dichas condiciones, es compatible con crertas 
observaciones de otros investigadores acerca del tratamiento de la tuberculosis con dicho 


gente 
Interprét estas observaciones como ba ce ue lus potencialidader 


patogenas de la mayor parte de las mutantes isoniacidorresistentes de los bacilos tubereu 


losos de tipico tipo mamffero estan rigidamente limitadas en forma importante para la 


mayor parte de los tubers ulosos 


KESUME 


Observations sur la pathoge nicité dea mutanta iaoniazide-résiatants du hacille de Kuch 


ther le malade tuberculeuz 


Description des observations effectuées « hez 45 malades atteints de tuberculose avancdé 


avec excrétion persistante de mutants isoniazide résistants de bacilles tuberculeux, mais 
qui étaient maintenus a la chimiothérapie par Visomazide seule, pendant des périodes de 


six a vingt cing mows en movenne ut in pour ch jue pres ae he vement de la eure 


préliminaire par association médicamenteuse 
Dans ces conditions, le défaut d'apparition de nouvelles lésions tuberculeuses évolutives 
dans tous ces cas A Vexception possible d'un seul. eorrobore certaines obeervations d'autres 


chercheurs sur le traitement de la tuberculose par | iwontazide 
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Ces observations sont interprétées comme fournissant la preuve indirecte que, chez la 


plupart des tuberculeux, il existe une stricte limitation du pouvoir pathogéne de la plupart 


de mutants isoniazide-résistants du bacille tuberculeux, type mammifére 
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METHODS OF FINDING TUBERCULOSIS CASES AND REACTORS: 
Rh. J. ANDERSON 


Received for publication May 18, 1954 


Because of the many great and rapid technical and program advances which 
we have seen in recent years, we are today reaching new milestones of tuber- 
culosis control so rapidly that it has become difficult to equate our present and 


future activities with the traditional concepts of public health action 

New drugs cheap, easily administered, and effective —are helping to change 
therapy as we have known it. The drugs have made it possible for many pa 
Hents to receive treatment at home, and many of these, under efficient super 
vision and care, seem to be doing well 

Before we can say what role home treatment will play in the life of the patient 
and the community, evidence must be carefully collected and assessed. Keener 
tools for diagnosis and treatment have increased the interest of the private 
physician in tuberculosis. Our educational program may need to be recast for 
this receptive audience. The general practitioner and the specialist in internal 
medicine can today, more than ever, participate in the antituberculosis cam- 
paign. We, in turn, must cope with the problems of case reporting and case and 
contact supervision Which arise when patients are under the general management 
of individual physicians 

Many other changes have taken place during the past decade. Most signifi 
cant in terms of our future in public health——-is the apparent trend of tuber- 
culous disease itself. For many years we have, unquestionably, been able to 
demonstrate the effectiveness of our case-finding and treatment efforts. In every 
recent year a dramatic decline in tuberculosis mortality has been apparent 
With each year's report of mortality we have, at one and the same time, pre- 
sented a magnificent record of achievement and forecast growing difficulties for 
ourselves in maintaining the offensive against tuberculosis 

When the tuberculosis death rate moved from 50 per 100,000 population to 
15, the report bespoke a thrilling achievement. Yet, at the same time, the lower 
level of mortality was still sufficiently high to serve as eloquent evidence—and 
self-sufficient evidence —that the disease remained a serious publie health 
problem 

Poday, with the latest available report of tuberculosis mortality at an esti- 
mated 12.6 per 100,000, direet and compelling evidence of the true extent of 
the problem is not so readily available. This current estimated death rate and 
a mortality decline of 70 per cent in the last ten years have made justifying 
control budgets more and more difficult. 

From the Division of Special Health Services, Public Health Service Department of 
Health, Education, and Welfare, Washington 25, D. ( 


This address was ce livered at the Fiftieth Anniversary, Meeting of the National! Tu 
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they overshadow such 
000 


the 1,200,000 people who have some torm of tuberculosis; the 2 
the 86.000 


These two facts are so dramatic that unfortunately 


things as: 


persons who now are on our case loads as active cases ol tuberculosis ; 


persons who fell ill and were added last year to our case load of active tubercu 


losis: and an estimated 150,000 as yet undetected active cases Indeed, these 
morbidity figures raise the question of whether, in fact, we are 


reaching the irreducible, hard-core, minimum level 


as suggested by 


recent mortality figures 

While we are confronted, then, with questions regarding the job we have done 
in the pust and the methods we have used to achieve the particular goals of each 
ol our sper inlized fields of tuberculosis control, we tace pressing questions re 
activities, relative emphases, and operating methods. In this 


garding future 
and deal with them in 


light, let us examine our case finding efforts of the past, 
terms of basic public health philosophy and specifi objectives. Let us examine 


them. too, in terms of what implications they may have for the future 


Underlving every case-finding effort, particularly in a communicable disease, 
is the question of its yield of unknown cases and the question of its value as a 
preventive measure, A case-finding procedure for tuberculosis must reveal those 
persons who unwittingly and without suspicion are 


er the disease process at a point where medical service can result in 


» broadcasting the disease; it 


must discos 
arrest nd cure 

What. then, in general terms, is the essence of our experience ? 
is directed toward three distinet groups ol people: those who 


Case finding 


for tuberculosis 
are sick or who have medical complaints such as we find in clinics, hospitals, 


and doctors’ offices; those who have had tuberculosis or who have had contact 


with the disease quite a separate group from those with complaints; those who 


are apparently healthy found either in selected groups in a community or in 
the total community itself 

Our approach to tuberculosis case finding for the first group is conducted 
through roentgenographic examination ol elu patients, patients admitted to 
hospitals, and patients of private physicians; in general, the sick and the infirm. 
They have symptoms and they visit their physician ot clinie to find out “what 

Phis kind of case finding has been carried out by physicians tor 
recently has been extended to include hospital admission 
‘The method will be used for years to come. [t can be 


a large proportion of 


ails them.” 
years, and more 
roentgenographic programs 
performance improved. Even today, 


broadened and its 


tuberculosis are discovered because of symptoms. Two 


In lowa, almost three-fourths of the patients 


admitted to two hospitals sought medical care because of symptoms (1). In 
f the active cases of tuberculosis reported were discovered 


patients with active 


recent studies illustrate this pont: 


Hawaii, one-third o 
because the patient had symptoms (2 In another instance, a general prac 


tithoner, In @ SIX month period in his office practice discovered, by careful atten 
to the complete examination of certain of his patients, 4 cases of active 


tion 
This was more than 4 per cent of the persons whom he 


advanced tuberculosis 
examined roentgenographically (4 
Logically, the vield must be high among the sick and the infirm 
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able from routine hospital admission programs give substance to this generaliza- 
tion. In such programs, as many as 4 active cases of tuberculosis are reported 
among every 1,000 persons examined (4) 

The second group for case finding— the supervision of both inactive cases of 
tuberculosis and the contacts of all cases—is traditional to official health agen- 
cles 

It is a truism that more active tubercuosis is found among the families and 
associates of known cases of tuberculosis than among general population groups. 
A considerable amount of active tuberculosis can be found among family con- 
tacts by realistic and conscientious follow-up: from 44 to 53 per 1,000 contacts 
followed (5, 6). | expect that the rate at which cases of tuberculosis develop 
among contacts will remain relatively constant in the future. And as the preva- 
lence of tuberculosis in the general population goes down, the relative yield of 
this procedure will increase. Thus, contact examination will continue as a basic 
feature of our program 

\s for the follow-up of questionably active and inactive cases, we have found 
this to be one of the most effective ways of detecting active tuberculosis. In 
recent studies in lowa, up to 7 per cent of active cases discovered resulted from 
the follow-up of cases previously classified as inactive (7 

While we have debated how much of our resources for control should go into 
follow-up of known cases, we must be impressed with the fact that in Hawaii 
almost one-fourth of the active cases which were known to the health depart- 
ment between 1047 and 1953 resulted from the follow-up of cases initially re 
ported as inactive or questionably active (2). How, then, can we do other than 
predict and urge the continuance in the future of the supervision of inactive 
cases and the contacts of all cases? 

Now let us turn to our last category the survey of apparently healthy popu- 
lation groups. This category consists of two parts: 

One part the examination of segments of the population is dictated by the 
following general considerations: (a) a limitation of case-finding resources and 
(b) the practical matter of organizing a group of people to be examined. It is 
these two considerations which may result in “pin-pointing” case finding se 
that the yield of cases may be high per unit of cost 

Thus, we work in those groups among whom the risk of tuberculosis is great, 
or in those areas in which high prevalence is concentrated by reason of general 
social and economic conditions. Many students of the subject have characterized 
as high prevalence groups the population of institutions, the aged, nonwhites, 
migrant workers, and residents of certain census tracts or other identifiable sub 
divisions of larger geographic areas. Nonwhites, for example, have roughly twice 
as much active tuberculosis as white persons 

Inmates of institutions are often more likely to have active tuberculosis be 
cause of their previous social status and living habits. They are also likely to 
acquire tuberculosis from close contact in the institution. Among inmates of 
mental hospitals, the prevalence of undiscovered active tuberculosis is par 
ticularly high, being in the neighborhood of 30 per 1,000 inmates on first ex 
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We also work with easily organized groups — such as industrial workers, school 
children, and business or government organizations. Because these populations 
are concentrated, fairly large numbers can be reached quickly and at relatively 
low cost. And, in many areas, loeal ordinances relating to the use of health cards 
make such employee groups as foodhandlers and domestics quite easy to reach 
for examination purposes. On the whole, these groups yield about as much 
tuberculosis as general population surveys yield. 

Another one of the productive sources of active cases of tuberculosis is the 
aged. As I will illustrate later, the prevalence of tuberculosis increases with age, 
so that case-finding opportunities among the elderly should never be overlooked 

In general, we have found that the prevalence of tuberculosis varies with 
residence. You are all familiar with the map that every health department has, 
showing the areas where cases of tuberculosis are concentrated. In these areas, 
we can generally find most encouraging yields of new hidden cases —in sufficient 
number to perpetuate indefinitely infection within themselves and among 
neighboring areas unless they are detected 

The second part of our case-finding efforts among the apparently healthy ts 
the survey of the total community —or as much of it as is possible in this um 
perfect tuberculosis worker's world. 

Because the prevalence of tuberculosis is higher in metropolitan areas and 
because local case-finding resources were inadequate to deal with such popula- 
tion masses, the Public Health Service assisted in taking eight million roentgeno 
grams in twenty-five large city community-wide programs from 1047 to 1953 
This total of eight million roentgenographic examinations represented some 70 
per cent of the population fifteen years of age and older in the areas involved. 
In these programs, we labeled approximately one person per 1,000) persons 
examined as an active tuberculosis case, and 6 persons per 1,000 examined were 
classified as having inactive disease. From 85 to 90 per cent of these cases were 
unknown to hea!th authorities. 

By way of further illustration of the potential yield of the mass survey, I 
should like to cite the experience of upper New York State in using this ap 
proach to case finding. During the five years from I!47 to 1952, chest roent- 
genograms were obtained on almost one million persons. Approximately 1.3 new 
active cases of tuberculosis were discovered for each 1,000 persons examined (9) 

However, in other areas roentgenographic examination of whole population 
groups has been less productive. In Lowa, for instance, mass roentgenographie 
surveys in nonurban counties produced only about one case of new active tuber 
culosis for every 8,000 persons examined in 1952 

Thus we see that, although the yield from mass roentgenographic programs will 
average about one active case per 1,000, the yield will vary from area to area 

Let us turn now to the use of the tuberculin test as a mass case-finding device 
among apparently healthy population groups. (1 am not referring now to the 
use of the tuberculin test as an index of the infection level in a community 

Actually, tuberculin testing of whole communities or selected populations does 
not differ in principle from mass roentgenographic examinations with the use of 
the 70 mm. film. Only the mechanics differ. The decisions important to the 
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treatment and control of tuberculosis depend upon the roentgenographie and 
bacteriologic findings. In those groups among whom the percentage of tuberculin 
reactors is, say, 5 per cent-—as among school children, for example —it may be 
advisable to choose the tuberculin test as the primary case-finding mechanism in 
preference to the roentgenogram. However, in groups among whom tuberculin 
reactions will total a larger percentage (and this might be encountered where 
older persons comprise an appreciable proportion of the population to be ex 
amined), it is probably preferable to use the 70 mm. film as the detecting device 

One of the advantages of the tuberculin test is the simplicity of the equip 
ment. The test is easy to apply, especially in rural areas or among groups of 
people difficult to reach for a roentgenogram. The tuberculin method ts used 
among pre-school and school children. An elaboration of this method is the 
examination of the contacts of positive reactors. That the yield reported from 
tuberculin testing varies, | can illustrate by several examples. In the District of 
Columbia, a sample of 3,000 children were tuberculin tested this past year to 
establish the tuberculin sensitivity levels in the District. Three of the children 
who reacted were found to have healing primary tuberculosis. A follow-up of 
380 contacts of the positive reactors produced } persons in whom tuberculosis 
was classified as active or activity undetermined. In Wisconsin, tuberculin test 
ing of 36,000 children produced DS active cases of tuberculosis, or 0.5 cases per 
1,000 examined (10). In general, few data are available regarding the specific 
contribution of follow up of contacts of positive reactors 

Recently much thought has been given to tuberculin testing of whole com 
munities, especially in low prevalence areas. Eighty per cent of the population 
in two counties in Minnesota were tested. In all, approximately 20 per cent 
reacted positively. All positive tuberculin reactors were examined roentgeno 
graphically. No active cases of tuberculosis were identified (11) 

So much for the relative productivity of the various general approaches to 
tuberculosis case finding. Yield alone, however, is by no means the sole criterion 


of the efficacy of a case-finding technique. The quantitative standard is im 


portant, to be sure, especially in these days of straitened tuberculosis control 


budgets 

\s practitioners of public health and preventive medicine, however, we must, 
at the same time, evaluate the various case-finding techniques on a qualitative 
basis. In specific terms what kinds of cases do each of our case-finding programs 
find— and of what relative significance is their discovery from the standpoimt of 
public health and preventive medicine? 

Logically, the greatest benefit derives from early discovery. This is especially 
true today, considering the availability of modern drug and surgical! therapy 

With early discovery as our touchstone, let us look now at the qualitative 
results of case finding in the three groups 

Among the first two groups those with medical complaints, and those who 
represent cases and contacts——we find that yield, in terms of numbers of cases 
found and in terms of case-finding rates, will perhaps be better than for the 
mass approach. However, the kinds of cases found will by and large be at a 


later stage of disease when health benefits are not so great 
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\s | have indicated previously, chest roentgenograms among hospital admis 
sions are profitable and practicable, discovering from 2 to 4 active cases Tor 
every 1,000 persons examined. In two fairiy recent studies, one in New York 
State and one in New Orleans, the proportion of active cases ol tuberculosis 
found in the minimal stage was smaller than the proportion found in com 
munity-wide chest roentgenographic surveys (12). This might well be expected 
in view of the fact that the people admitted to the hospital are sick people It. is 
quite probable that in some instances their illnesses were related to tuberculosis 
It seems quite likely then that patients with tuberculosis found in hospital ad 
mission programs have already broadcast their disease to a somewhat greater 
extent than patients found when more aggressive measures are applied. The 
same can certainly be said for clinic patients and patients in private physicians’ 
offices 

Of the first two groups, I believe the supervision of contacts and inactive cases 
offers the most promise of early detection If we examine these groups tre 
quently, every new case of tuberculosis which might arise among them will be 
discovered at the pont of conversion to activity This, therefore, is a case 
finding procedure whic h no official health agency should overlook 

We must acknowledge the fact that case finding among contacts and inactive 
cases is of practical necessity relatively limited in terms of numbers of people 
served. And. although the case-finding rate itself can be high, the total number 
of cases found will be relatively few. Moreover, since inactive cases are neither 


reported nor supery ised in many parts of the country, early case finding among 


this group will not be accomplished without changes in administrative procedure 


\s to surveys among special segments of the apparently healthy population 
or specific geographic areas, we have also found that the kinds of cases dis 
covered in populations with high yields frequently tend to be at a more ad 
vanced stage than those found in groups with a lower prevalence. As T men 
tioned earlier, the prevalence of tuberculosis is greatest in the older age groups 


Hlowever, cases disc overed in this group also tend to be more advanced 
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roentgenographic survey, 


In three community-wide surveys, the percentage of active tuberculosis found 
in the minimal stage varied from 35 per cent in the age group fifteen to twenty 
four to only 13 per cent in the age group sixty-five and older 

We have recently been studying the yield of tuberculosis found in relation to 
the economic status of the participants in one of the community-wide programs 
in which we worked (13). We arranged the census tracts of the city into five 
economic groups according to family income The census tracts in the lowest 
income group were those we traditionally think of as high prevalence areas on 
the basis of mortality and on the basis of routine case reporting In fact, 60 per 
cent of the tuberculosis deaths come from the 20 per cent of the population in 
this lowest income area 

In the low economic group, 0.9 persons with active tuberculosis were found 
for every 1,000 examinations as compared with slightly more than 0.4 per 1,000 
in the highest. From this it would definitely appear that the most productive 
place todo case finding for active tuberculosis is in the low economic group and 


the low economic area. By stage of disease, however, the percentage of cases 
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Fic. 4. Stage of disense of newly discovered active tuberculosis by economic level 


Cleveland, Ohio, roentgenographie survey, 1049 


that were minimal varied systematically, with the economic level ranging from 
only 27 per cent in the lowest economic level to 45 per cent in the highest. Con 
versely, the percentage of the far advanced stage ranged from a high of 18 per 
cent in the lowest economic group to only LL per cent in the highest, This strongly 
suggests that the disease was intercepted at an earlier point in the higher eco 
nomic group, and it seems to me that we would be remiss to compare the ab 
solute yield of these various economic groups without considering this important 
factor 

Moreover, | should like to. point out that, if the chest roentgenographic 
survey in this city had been concentrated only in the lowest economic group 
and had succeeded in completely examining that group, it is probable that two 
thirds of the unknown active tuberculosis in the city would have been missed 
Of all the undetected tuberculosis in the area that is, both active and imactive 
disease the lowest economic group would have produced only one-quarter of 
the cases 

Since our major concern, then, is with early discovery, it will be well for us to 
look for a moment at the experience of Minneapolis, Minnesota, following it» 
1047 community-wide chest roentgenographic survey 

\ four-year follow-up of active cases discovered before and during the survey 
(14) showed that 37 per cent of the survey cases were discovered in the minimal! 
stage, as compared with only 22 per cent of nonsurvey cases, Sixteen per cent 
of the survey cases were in a far advanced stage, as compared with 33 per cent 
of nonsurvey cases. A life-table method was used to study the survival of these 
two groups of cases during a four-year period. It was estimated that the chance 
that a survey case would prove fatal within four years was one of 10, while the 
chance of a nonsurvey case being fatal was one of 3. The two groups compared 
were quite similar in terms of age, sex, race, and bacteriologic status. [ can 
only conclude in the light of these data that the differences are a reflection of 
the value of early case discovery through intensive case-finding efforts 


For the examimation of apparently healthy populations, then, we find that, 


although the yield may be relatively low in comparison with case finding among 
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the other groups, the cases discovered are more likely to be at an early stage of 
disease-when the potential benefit to the patient and to the public health is 
greatest 

On closer examination of the mass roentgenographic technique, one further 
significant epidemiologic fact comes to light. We have found that a great many 
of the patients with active disease present no symptoms at all and that, among 
those who do present symptoms, these are very often not severe enough to bring 
them to medical attention without special case-finding efforts 

From the foregoing, | think you will agree that the examination of apparently 
healthy people is an important part of the control of tuberculosis, and that com 
parison of the productivity of the various types of case finding efforts requires 
more than the examination of the yield in terms of numbers or rates alone. 

I believe that examinations of apparently healthy populations must be con- 
ducted on a periodic basis. If these examinations are confined to single efforts, as 
was the tendency in the recent community-wide chest roentgenographic pro 
grams, their impact on the tuberculosis problem is only slight. Let me give you 
some actual data to demonstrate this point. In Seattle, Washington, we have 
studied the reported incidence of active tuberculosis prior to, during, and after a 
community-wide chest roentgenographie survey (15). In doing so, we found that 
active tuberculosis discovered as the result of the roentgenographic survey was 
only a small proportion of all active tuberculosis reported during a three and one 
half-year period, despite the fact that excellent participation was achieved. 
The impact of the survey on reported incidence for a period of years was prob 
ably not great. The only noticeable decline oecurred immediately following the 
survey. In other words, the probable net effect of a single mass roentgenographic 
survey program is to modify only slightly the trend of tuberculosis incidence in 
the area covered 

Ih studies we have been conducting in Columbus, Georgia, on the occurrence 
of tuberculosis, it has been our conclusion that roentgenograms should be taken 
at frequent intervals if any appreciable portion of all cases is to be detected early 


and if the normal trend of tuberculosis incidence is to be affected permanently. 
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Fig. 5. New active tuberculosis Seattle-King County Health Department, semi 
annually, 1048-1951 
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Fic. 6. Decline in new tuberculosis suspects found in repeated surveys (9 mental hospi 
tals in California 


Unfortunately, or fortunately, the type of program | am proposing quickly re 


sults in an extremely low yield per roentgenogram taken In a roentgenographic 
program in nine mental hospitals, reported by the state of California, in which 
institutional populations were resurveyed for a number of successive years, the 
vield of undetected tuberculosis dropped very rapidly with each case-finding 
effort, gradually leveling off (16). Mental hospitals, of course, represent a partly 
“closed” population, and one might expect the rate to fall here more quickly 
than in a general community because of the problem of migration and of in 
complete participation in community roentgenographic survey programs. We are 
convineed, however, that the greatest good can be obtained only through re 
peated case-finding programs on a mass basis 

In the light of present conditions, this conviction leaves us on the proverbial 
horns of the dilemma. Carrying out such a recommendation, we will find ourselves 
faced with progressively decreasing yield and concurrently increasing cost per 
case discovered —a most serious consideration. In short, we should soon find our 
selves in the position of being foreed to abandon case finding among apparently 
healthy people completely because of its continued great cost and low yield 
Thus, we would allow prevalence of undiscovered disease slowly and surely to 
return to a higher level. This, I think we ean all agree, would be disastrous at 
this time of near realization of our ultimate objective. It would be even more 
disastrous in view of the fact that we now, for the first time in the history of 
tuberculosis control, have effective means of treating the discovered cases of 
tuberculosis. It would indeed be a tragedy—for both the individual patient and 
for society if we were unable to make full capital of this new factor in tuber 
culosis control 


To sum up, we see that case finding in the future requires: 
| 


1. The examination of the sick and the infirm in clinics, hospitals and the 
doctor's ofhice 
2. The follow-up of inactive cases and contacts of cases 


3. The periodic examination of apparently healthy people 
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This last, the periodic examination of apparently healthy people—the com- 
munity-wide case-finding technique —is, in my opinion, a necessary method of 
case finding. However, it has been demonstrated that such periodic examina- 
tions result in an increasingly low rate of yield or, in other terms, a high cost per 
case found. This is so, no matter whether the roentgenogram or the tuberculin 
test is the method of examination. Ultimately, this cost will prohibit mass case 
finding. It is necessary, therefore, that we seek ways in which tuberculosis case 
finding in apparently well groups can be accomplished without unreasonably 
high cost 

It seems to me that the future of tuberculosis case finding in apparently well 
people does not lie in the use of the roentgenogram or tuberculin, nor will it be 
found in any other test which will detect only tuberculosis. Ultimately, high cost 
and low yield will relegate such a single-purpose test to medical history. We in 
tuberculosis work have played an important role in the evolution of modern 
techniques for the detection of tuberculosis. It would be most appropriate, there- 
fore, for us to encourage a conscious and vigorous search for new techniques 
which can be applied easily and economically in the detection of more than just 
the one disease of tuberculosis. In doing so, we should be sensitive to the growing 
health needs and interests of our people. 

While support for mass surveys for tuberculosis will wax and wane with the 
prevalence of the disease, interest is increasing in mass surveys for heart disease, 
cancer, kidney disease, neurologic disorders, disturbances in metabolism, and 
other diseases which are afflicting our people. For these people, like the tuber- 
culous patient, early diagnosis holds the same promise of early treatment and 
early arrest or cure 

In exploring this area of future activity for tuberculosis case finding, | am not 
contemplating multiple diagnostic testing as we know it today. For this pro- 
cedure relies on a battery of tests, most of them specific for single diseases only. 
Since each test adds its individual cost, the process already is unavoidably costly 

In most past efforts at developing diagnostic tests, we have strained at eliminat 
ing false positive reactions and decreasing the false negative yield for a specific 
disease. In many instances these so-called false positives are found to be due to 
other diseases. Now | would propose that our effort go toward developing either 
a single test or a few tests that would identify all of the people who might have 
any of a whole group of diseases, including tuberculosis. For those reacting posi- 
tively, the determination as to which specific disease and body system is involved 
would require secondary tests to confirm the finding and narrow the reasons for 
referral to physicians for clinical study. 

If we can, for example, find a primary test which will be sensitive to physiolog- 
ical disturbances in general, we will have taken a giant stride forward —not only 
for future progress in the control of tuberculosis. We will have taken a giant 
stride forward in our efforts to control the major diseases of man. 

While | am obviously and wishfully speculating on, and hoping for such a test, 
I can quickly give you familiar examples of what I mean. A questionnaire has 
heen developed, known as the Cornell Medical Index. On the basis of the replies 
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which a person gives about his past and present health history and symptoms, 
a crude separation of the healthy can be made. Of course, we say, this has the 
disadvantage of being subjective and dependent upon symptoms which we think 
of as occurring slightly late in a disease process. Then there is the erythrocyte 
sedimentation test. This test is positive in a great many conditions, both normal! 
and abnormal. It is positive in both active tuberculosis and the common cold 
Its present defect is that it is too sensitive. But these tests have a spectrum much 
broader than the chest roentgenogram. Actually, we have thought of the chest 
roentgenogram as a broad test in the examination of apparently healthy people, 
compared with, for example, the tuberculin test. There are almost one hundred 
conditions which can be seen on a chest roentgenogram the most common and 
important of which are tuberculosis, heart disease, and lung cancer, Some of our 
roentgenographic programs have pointed out the application of the roentgeno 
gram to the latter two problems. But controversy surrounds the question of its 
value in searching for these diseases and I think we must recognize for the present 
that the roentgenogram as a mass detecting device must of necessity relate pri- 
marily to the search for tuberculosis. | do not think the chest roentgenogram as 
we know it will be used extensively in mass surveys when the yield of tuberculosis 
becomes low. 

I am thinking of and (as I have said earlier) hoping for a single yet-to-be 
developed test which will be used periodically for a broad spectrum of diseases, 
including tuberculosis, at low cost and productive yield 

In practice, such an omnibus test would be applied as a primary detecting de 
vice to be followed by secondary tests (such as roentgenograms and tuberculin 
testing) to inquire into the tuberculous nature of the disturbance. The most prac 
tical implications of such a test would be that it would provide a means for as 
sured continued efforts until the last case of tuberculosis can be found 

At the present time, a test of this particular kind is not wholly visionary or 
entirely in the realm of science fiction. Dr. Andrew H. Dowdy’s test for cancer, a 
relatively simple and inexpensive blood test, shows promise of being sensitive 
not only to cancer but possibly to other diseases as well 

Another test is the lipase index of tuberculosis which has been developed by 
Dr. Paulo Seabra of Brazil. This test is now under study and, should final evalua 
tion substantiate its present promise, we will at the very least have a blood test 
for tuberculosis at a stage prior to the existence of clinical manifestations. This 


test, too, gives indication of applicability to more than the one disease 


The form of tuberculosis control of tomorrow is being carefully weighed in the 
balance today. The search for the tuberculous sick and infected must continue 
unabated until tuberculosis itself has been finally relegated to medical history 
For the time being, we must continue to use the tools at hand as vigorously and 
as aggressively as practical considerations will allow 

The mass survey techniques and programs of today and tomorrow are totally 


dependent on how well we follow through in getting the people whom we find to 
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doctors, where complete and thoroughly serious probing of the findings of the 


survey will be done. This can be our effort today in our daily work. At the same 
time, we must encourage and actively join in the search for the omnibus type of 
case-finding device through which we can assure continued effort and sustained 
progress against tuberculosis 

Such a device, coupled with the newer and infinitely more effective methods 
of treatment which tomorrow will surely bring, will give to us that ultimate vic- 
tory over tuberculosis which we have sought for fifty years today. 
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INTRODUCTION 


To professional persons not concerned with the treatment of tuberculous 


patients, irregular discharge® is a rare and curious phenomenon. To the tuber- 


culosis specialist, however, irregular discharge is a very real and chronic problem 
It has been reported that the average irregular discharge rate from larger tu- 
This observation suggests that 


berculosis hospitals approaches OO per cent (1) 


the current therapy program for tuberculosis unfortunately is designed for but 


half of the persons who contract this disease. It also suggests that, no matter 
their ultimate 


how effective chemotherapy and surgery may be theoretically 
value will be limited until a greater proportion of patients follow treatment to 


completion 
Although theories and opinions are legion, the precise Causes of irregular 
the role of situational and emotional 


discharge are not known. In recent years, 


maladjustment has been stressed (2-5). At the same time the significance of 


race, marital status, extent or duration of disease, et cetera 


such factors as age, 
has been largely discounted, The reports of Tollen (1) and Leibovici (6) provide 
in the absence of a controlled study, 


some basis for this opinion. Nevertheless, 
in which large, unselected series of regular and irregular discharge patients are 


compared in terms of such variables, the lack of significance of these factors 


has not been definitely established 
In the present study, 100 consecutive patients who received irregular dis 


charges have been compared with LOO consecutive patients who received regular 
In so doing, it was believed that the significance of the aforemen 
could be established with reliability 


discharges 
tioned factors (and other similar ones 
This report covers one portion of the preliminary phase of an investigation 


of irregular discharge which is being conducted at the Veterans Administration 
Hospital, Madison, Wisconsin. Other aspects of this investigation, particularly 
those having to do with the factors of situational and emotional maladjustment 


in irregular discharge, are being published separately (7 


Veterans 


and Tuberculosis Service 


From the Psvehomatie Section of the Medical 


Administration Hospital, Madison, Wisconsin 


termination of hospitalization of a living patient 


? Irregular discharge is defined as ‘‘any 
professional authority” (1). There are three categories 


which is not medically sanctioned b 
absent without official leave: and 


leaving against medical advice 


of irregular discharge 


disciplinary discharge 
410 
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TABLE 1 


Hosritar Census ann Discnarnces py Mon tus 


Average 


Patient Irregular Discharges Regular Discharges 


September, 1951 
Oetober, 1051 
November, 1951 
December, 1951 
January, 1952 
February, 1952 
March, 1952 
April 1952 
May, 1052 
June, 1952 
July, 1952 
Auguat, 1952 
September, 1052 
letober 1952 
November, 1052 
December, 1052 
January, 1953 
February, 1053 
March, 1053 


MATERIALS AND METHOD 


General 


The Veterans Administration Hospital, Madison, Wisconsin, was opened on September 


15, 1951. This institution, which is restricted to the treatment of tuberculous patients, is 


operated as a Deans Committee Hospital in collaboration with the University of Wisconsin 


Medical School 


During the first eighteen months of operation the hospital population rose steadily 


table 1) until January, 1953, when the daily average census was just over 300 patients 
In this period, 100 patients were discharged as having obtained maximal hospital benefit 
and 117 received irregular discharges 
Subjects 
The first 100 subjects in both discharge groups were included in this study. The patients 
were selected solely on the basis of two eriteria: (/) the type of discharge given them, and 
?) their proved diagnosis of tuberculosis, Since each of the first 100 patients in the ir 
regular discharge group had an established diagnosis of tuberculosis, none was excluded 
from the series. On the other hand, 9 patients who received regular discharges were not 
included in the study.’ These persons were admitted for observation and then found to have 
no tuberculosis 
The first 100 irregular discharges were of the following variety: 81 against medical advice 


10) absent without official leave, and 9 disciplinary discharges 


Collection and Analysis of Data 
Data pertaining to age, race, marital status, occupation, patient distance from home 


military service connection (tuberculosis), extent of tuberculosis, activity of tuberculosis 


Patients who receive ‘regular’ discharges via transfer, for administrative reasons or 


because of death, are not included in the category of regular discharges 


420 
5 
: 15 0 0 
1s 
127 6 0 
5 2 
172 12 4 
215 ‘ 
24) 
Js 5 
282 1! 15 
5 
30s 12 12 
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pulmonary surgery length of hospitalization and history of previous irregular discharge 


were collected from each patient's hospital record.* 
of differences between the two groups of patients in regard to each of 


The significance 
Vv using the chi-square test 


these factors was determined statistically | 


RESULTS 


Nonsignificant Factors 


Statistical comparisons between the two groups on the basis of age, race, marital 
status, patient distance from home, military service connection for tuberculosis, 


and activity of tuberculosis revealed no significant differences (table 2). 


Significant Factors 


Occupation Statistical analysis of the data on occupation demonstrated that 


t the 0.05 level of confidence Inspection 


the two groups differed significantly a 
e is largely attributable to the 12 


of the data (table 3) shows that this differen 


1 no known occupation and to the preponderance ol semi 


patients who hae 


skilled laborers an 
who received regular discharges In the 


ong patients who received irregular discharges in comparison 


with those other classifications there 1s 
marked similarity between the two discharge groups 
{x shown in table 3, fewer patients i the 


al treatment during their hospitalization 


irregular dis 
than did the 


is significant 


Pulmonary surgery 
charge group had Surgic 
patients in the regular discharge group Statistically, this difference 
at the 0.06 level 

Length of hospitalization The mean length of 
scharges was 148 days; whereas, 


stay for the patients who re 
for those who received regular 


ceived irregular di 
eans of 112 days proved 


it was 260 days. The difference between n 


discharges, 
0.01 level of confidence The period of hos 


to be statistically significant at the 
ior to irregular discharge ranged from | 
the range before regular discharge 


pital stay pr ess than one day to nearly 
twelve months, while was from twelve days 
to almost sixteen months 

Although irregular discharges occurred at any time 
4) per cent were within the first three months after admission and only 
after 300 days. In contrast to this, only 15 per cent ol the 
group left within three months, and more than 
or more betore discharge 


in the course ol hospital 


zation, 
S per cent took place 
patients in the regular discharge 
of them were hospitalized for 300 davs 
demonstrate the wide range 
the notable difference in length of hospitalization 


) per cent 
(figure 1). The data in table 
to discharge and also show 


hospital stay prior 


hetween the two groups of patients in the series 


Ertent of tuberculosis: Figure 2 makes apparent 
of the extent of their tuberculosis 


the striking similarities and 


differences in terms hetween the sernes ol 
patients who received irregular discharges and those who received regular 


and aectivit f tuberculosis were obtaimed from the records 


‘ The dat i relating to extent 
of the first (admission) me dical evaluations of the patients by the hospit s) staff. The data 
on pulmonary surger ipplied only to thoracie surgery performed during the patients’ 


current hospit alization 


K 

4 

= 


TABLE 2 
100 Disenarce Patients 100 Recuiar 


COMPARISON OF 
Discuance Patients 


—_ Irregular Disc harg Regular Discharge 
Patients Patients 


Less than 2 
70-79 
Race 
White 
Negro 
Other 
M artla ulus 
Married 
Single 
Divorced 
Widowed 
Military Service Connection 
None 
per cent 
Unjudicated 
Actors T 
Active 
Inactive 
Undetermined 
Nonpulmonary tuberculosis 


Patient Listance Home (Miles 


TABLE 3 


Companison or 100 Larecutar Discnarce Patients wirn 100 Rear 


Discuarce PatTients 


Occupation Irregular Discharge Patients Regular Discharge Patients 


Professional 
Semi professional 
Managerial 
Student 
Sales clerical 
Skilled labor 
Semi skilled labor 
Personal service 
Farmer 
nknown 
Pulmonary Surgery 
Nonsurgical 


Postoperative 


iv 

a 0 0 
25 
10 ® 
0 
79 M4 
17 13 
3 
29 31 
12 

3 5 
64 66 

4 32 34 

4 0 

+ 76 

at 2s 

3 
4 

16 7 
200) 
6 

1,000 

2 2 
id 
‘ 
2 
7 

14 21 
| 38 2s 
10 15 
2 

tt 
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COMPARISON OF 100 IDPATIENTS 
WITH 100 MHB PATIENTS 


LENGTH OF HOSPITALIZATION 


$ 


PERCENT OF PATIENTS DISCHARGED 
> 


1-90 91-180 181-270 271-360 36! of more 
DAYS IN HOSPITAL 


Fic. 1. Comparison of 100 irregular discharge patients with 100 regular discharge 


patients. Note that with increasing length of hospital stay the number of patients in the 


irregular discharge group decreases while the number of patients in the regular discharge 


group increases. Forty per cent of the patients who left the hospital irregularly did so 


within the first three months, whereas more than 40 per cent of the patients who received 


regular discharges were hospitalized for 300 days or more 


TABLE 4 


Comparison or 100 Discnarnce Patients witrn 100 Reaurar 


PATIENTS 


Irregular Discharge Patient Regular Discharge Patient 


Length of Hospita 


1) 
Ist) 
210 
wi) 


or more 


discharges. The incidence of nonpulmonary tuberculosis and the number of 


moderately advanced cases were found to be essentially the same in the two 


groups. On the other hand, in the irregular discharge series, half as many pa 


tients had minima! disease and twice as many had far advanced tuberculosis 
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COMPARISON OF 100 10 PATIENTS 
WITH 100 MHB PATIENTS 


EXTENT OF TUBERCULOSIS 


PERCENT OF PATIENTS 


NON -PUL MINIMAL MOOD. ADV. FAR ADV. 


Fic. 2. Comparison of 100 irregular discharge patients with 100 regular discharge pa 


tients. Note that, in the irregular discharge group, twice as many patients had far advanced 
tuberculosis and half as many had minimal disease as the patients in the regular discharge 
group. 


COMPARISON OF 100 ID PATIENTS (C—) 
WITH 100 MHB PATIENTS 


HISTORY OF PREVIOUS IRREGULAR DISCHARGE 


PERCENT OF PATIENTS 


NONE ONE PREV.IO MULTIPLE PREV.1D 


Fic. 3. Comparison of 100 irregular discharge patients with 100 regular discharge pa 
tients. Forty six per cent of the patients in the irregular discharge group had a history 
of previous irregular discharge in comparison with only 21 per cent of the patients in the 
regular discharge group 
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as those in the regular discharge group. On statistical analysis, these differences 
were demonstrated to be significant (P < O01). 

History of previous irregular discharge: Among the patients who received ir 
regular discharge from their present hospitalization, there was 4 significantly 
higher incidence (P < 0.01) of previous irregular discharge than among the 
patients discharged regularly from this hospitalization. As shown in figure 3, 
nearly half (46 per cent) of the irregular discharge group had a history of irregu 
lar discharge in the past. Of this number, 26 per cent had one prior irregular 
discharge and 20 per cent had two or more prey ious irregular discharges. In con 
trast to this, only about one fifth (21 per cent) of the patients with regular dis 
charges had a history of previous irregular discharge: 14 per cent having had one 
and only 7 per cent having had two or more irregular discharges in the past 


DISCUSSION 


From the results of this study, it 1s apparent that tuberculous patients who 
leave the hospital irregularly cannot be distinguished from those who leave with 
official sanction on the basis of age, race, marital status, military service connec 
tion, distance from home, or the activity of their disease. The problem of irregu 
lar discharge, therefore, would not seem to be that of the young or the old, the 
white or the Negro, the single or the married, the widowed or the divorced. The 
fact that a patient is far removed from his home, family, and friends or, on the 
other hand, the fact that he is near them had no differential significance in the 


present series. Even the serious consideration of money, 1 the form of com 


pensation for a military sery ice-connected disability, did not serve to distinguish 


between the two groups. Furthermore, whether the patient had active disease 
on admission (and was, therefore, a serious threat to society as well as to himaselt 
or whether he had imactive disease was not found to be a distinguishing tactor 

The statistical results which were concerned with the factors of oecupation and 
pulmonary surgery were of borderline significance. The larget number of patients 
in the irregular discharge group who were classified as semi skilled laborers may 
reflect the observation that the type of person who has been referred to as a 
“musele man” (7) has a particularly hard time adjusting to the prolonged and 
passive-dependent type of existence that the treatment for tuberculosis requires 
Also. the “drifter” is a notoriously uncooperative tuberculous patient Thus, it 
might be expected that more patients who left the hospital irregularly would 
have “no known occupation.” 

Why did fewer patients have surgery in the irregular discharge group thar 
those in the regular discharge series’ It may be simply that most patients leaving 
irregularly did not remain hospitalized long enough to warrant surgery Possibly 
the increased amount of far advanced disease in the group which received irregu 
lar discharge weighed against surgical intervention Another possibility is that the 
patients who left irregularly were less willing than the patients in the regular 
discharge group to accept surgery in much the same manner as they were un 
willing to accept prolonged hospitalization. A final explanation for this observa 


tion awaits further study 
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The finding that patients who leave irregularly remain in the hospital for a 
significantly shorter period of time than patients receiving a regular discharge is 
not surprising. This result is as might have been expected, since patients dis 
charged irregularly are not discharged for medical reasons. Instead, they leave 
the hospital prematurely, against medical advice, or for not returning from 
pass, or because of disciplinary board action. 

Although irregular discharges occur at any time during the course of hospitali 
Zation, it is noteworthy that 40 per cent of the patients in this series who received 
irregular discharges left within the first three months of hospitalization. In Tol- 
len’'s study of more than 400 Veterans Administration patients who left hospitals 
through irregular discharge, the same trend was found. He noted that irregular 
discharge increases with length of hospitalization up to three months and then 
decreases (1 

The basis for this relationship has not yet been defined, but at least one im 
portant and practical implication of this observation is apparent. In most in- 
stances, some time is available for the detection of potential irregular discharge 
patients and for the institution of preventive measures when these have been 
developed. Furthermore, the finding that the majority of patients who leave 
irregularly do so quite early in the course of their hospitalization indicates that 
these patients do not leave merely because they have been confined to the hospital 
for a long period of time. Ey idently, the experience of prolonged hospitalization 
is not responsible for most irregular discharges 

The results relating to extent of tuberculosis (on admission) in the two dis 
charge groups might be construed to mean that far advanced disease provokes 
irregular discharge. Although this interpretation eventually may prove to be 
correct, at the present time it is not valid. Among the patients with far advanced 
disease in the irregular discharge group, there was a considerably higher rate of 
previous irregular discharge than there was among the far advanced patients who 
received regular discharge. Thus, it may be that the greater number of patients 
with far advanced disease in the irregular discharge series is more related to an 
established “irregular discharge pattern” of reaction in these patients than it is to 
the presence of their extensive disease. Indeed. it might even be that their far 
advanced disease is a consequence of their previous irregular discharges and not 
that their far advanced disease provokes irregular discharge 

The finding that 46 per cent of the patients who received irregular discharge 
had a past history of irregular discharge as compared with only 21 per cent of 
the regular discharge group suggests that, once irregular discharge is resorted to, 
it tends to repeat itself. The results also demonstrate that a history of multipl. 
previous irregular discharges carries with it an even greater probability of subse- 
quent irregular discharge. Most patients who leave irregularly are informed of 
the dangers of progression of their disease, toxic relapse, infection of children. 
alienation of family and community, which are in the offing. These consequences 
are not sufficiently effective, however, to act as deterrents to overcome the forces 
which make for irregular discharge. In spite of them, irregular discharge tends 
to be repetitious, It is noteworthy, however, that in these results there also is 
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evidence of a counter-tendency Irregular discharge patients do not sever ther 
ties with hospitalization and reject it permanently but migrate in and out of 
hospitals. Thus, the relatively frequent occurrence ol multiple irregular discharge 
can be regarded as evidence that suc h patients tend to refurn, as well as to leave 

It is encouraging that a few patients with a past history of multiple irregular 
discharge remained in the hospital on the present admission until they received a 
regular discharge. These were the exceptions, yet even a few examples of this 
type indicate that, i irregular discharge has occurred before, it is not certain 
that it will oceur again. Even in the presence of a confirmed “irregular discharge 


pattern,” the situation is not an entirely hopeless one 
If irregular discharge is to be attacked successfully, indices must be developed 


to permit the early detection of patients with marked “irregular discharge 
proneness.”’ The present data at least suggest that extent of tuberculosis and 
history of previous irregular discharge may have value as predictors of tuture 
irregular discharge. Currently underway at this hospital is an investigation im 
volving serial admissions rather than consecutive discharges Chis method of 
study should provide valid conclusions regarding the merit of these two tactors 


as indicators of a patient's “irregular discharge proneness 


SUMMARY 


The present report ts devoted to the results of a preliminary phase of an in 
vestigation of irregular discharge in which LOO consecutive patients who received 
irregular discharge and 100 consecutive patients who were regularly discharged 
have been compared in terms of age, race marital status, occupation, patient 
distance from home, military service connection Tor tuberculosis, extent of 
tuberculosis, activity of tuberculosis pulmonary surgery, length ol hospitaliza 
tion. and history of previous irregular discharge 

Analysis of the data failed to disclose differences between the two groups W hich 
were significant at the 0.01 level of confidence except in regard to the following 
length of hospitalization, history of previous irregular discharge, and extent of 
tuberculosis. The patients who left irregularly were found to remain in the how 
pital for a shorter period of time, to have « onsiderably more tat advanced disease, 
and to have a higher incidence of previous irregular discharge than the patients 


who received regular discharge 


SIUMAKIO 
Investigacion del Alta Irres ilar de los T uberculoseus Informe obre un Eatudio 


dedicada la comuntcacion at tual a los resultados de una tase preliminar de una 


Investigacion del alta irregular en la 100 enfermos consecutivos que reciiieron esa 


clase de alta 100 enfermos consecutivors que fueron d vwios de alta en torma re gul 


ar fueron 
comparados en cuanto a edad. raza, estado conyugal, ceupacion, distancia del hogar del 
enfermo, servicios disponibles para tuberculosis, extension de la tuberetitomis, a tividad ce 
la tuberculosis, cirugia pulmonar, duracion de la hospitalizacion historia de irregular 
anterior 

E.] andlisis de los datos no revelé diferencias entre los dos grupos que fueran importantes 


1 un indice de 0.01 de confianza, excepto con respeeto a lo siguiente: duracién de la hospi 
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talizacion. historia de alta irregular anterior y extensién de la tuberculosis Segtin se 
observé, los enfermos que abandonaron el hospital irregularmente permaneceron ill i 
menos tiempo, tenian una enfermedad mucho més avanzada y mostraban una incidencia 
mayor de altas irregulares anteriores que los enfermos que recibieron su alta en forma 


regular 


RESUME 


Investigation sur la libération irréguliere de Uhdpital des malades tuberculeur: Compte rendu 


d'une étude préliminairre 


Le rapport actuel est consneré aux résultats de la phase préliminaire d'une enquéte 
relative A la sortie irréguliére de l'hépital et concernant d'une série de 100 patients lbérés 
irréguliérement de |'établissement hospitaher et une série de 100 patients libérés conforme 
ment A la régle. Les deux séries sont comparées en termes d’age, de race, de conditions 
matrimoniales, d’oecupation, d’éloignement du domi ile, de tuberculose contractée dans 
Varmée, d’étendue du processus tuberculeux, de chirurgie pulmonaire de durée hospital 
sation et d'antéeédents de libération irréguliére 

L’analyse des données n'a permis de déceler aucune différence significative, & un centieme 


pres, entre les deux séries sauf en ce qui concerne les conditions suivantes: durée de 


hospitalisation, antéeédents de libération irréguliére et étendue de la tuberculose. On a 
observé que, chez les malades sortis irréguli@rement, la durée du séjour A I'hépital était 
plus courte, l'affeetion était considérablement plus avaneée et que lineidence des ant 
cédents de libération irréguliére des établissements hospitaliers était plus élevée que chez 


lew malades libérés conformément A la régle 
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PAPILLOMATOSIS OF THE TRACHEA AND BRONCHI 
BURNETT SCHAFF ROBERT V. THOMSON 
Received for publication July 20, 1954 


INTRODUCTION 


Multiple papillary tumors are rarely found in the trachea and bronchi, and few physi 
cians, therefore, have had the opportunity to study the disease. The condition requires 
serious consideration, as the relentless recurrence of the tumors leads to severe disability 
and sometimes death. The wartlike lesions occur and recur in the major bronchi; some 
times tracheal lesions are also present. \ few of these tumors have been associated with 
laryngeal papilloma, but there is often no preceding laryngeal disease 

Two cases of patients recently treated at the Coral Gables Veterans Administration 
Hospital are presented as examples of multiple bronchial papilloma. One patient showed 
multiple recurrences over a period of seventeen years; the papillomas were confined to the 
right main bronchus and right upper lobe bronchus. The other patient developed a laryvn 
geal papilloma, followed five years later by similar masses in the trachea, left main bron 
chus, and left upper lobe and lower lobe bronehi 

Reports of bronchial papillomatosis in the older literature are difficult to evaluate 
Without doubt, some lesions so reported were in reality bronchial adenomas, an entity 
which was defined only as recently as 1931. Many older reports consisted of descriptions 
of tumors observed through the bronchoscope, with no histologic details or illustrations 
Several cases may be cited which are probably acceptable as examples of the disease under 
discussion 

Syme (1), in 1927, described a 42-year-old female with multiple polypoid laryngeal 
tumors who subsequently developed similar lesions in the nght bronchus. A 24-year-old 
male was reported by Zamora (2), in 1931, to have developed multiple papillomas of 
trachea and left bronchus following removal of a benign larvngeal growth. A similar case 
was reported by Orton (3) in 1932. Jackson and Jackson (4), in 1932, described tracheal 
ind bronchial papillomatosis. In 1938, Pollock (5) reviewed the literature on inflammatory 
bronchial tumors, including 27 cases diagnosed at autopsy and 77 by bronchoscopy, of 


these, only two may be considered as examples of true papillomatosis. In 1939 Patterson 
(6) reported the case of a 7-year-old male with multiple laryngeal papillomas who later 
developed similar lesions in the trachea and right bronchus. Buffmire, Clagett, and 
MeDonald (7), in 1950, deserthed a 47-year-old male who, after multiple papillomas had 
been removed from the larynx and bronchi over a period of many years, developed epider 
moi carcinomas of larynx and bronchus twenty-three and twenty-five vears, respec 
tively, after the orginal laryngeal papilloma had been removed. Liebow (8) deseribed 


bronchial papillomatosis in detail in 1952 
CASE REPORTS 
Case 1. The patient is a 57-year-old man who was admitted to this hospital in October 


1049, complaining of shortness of breath and severe coughing spells of seventeen years’ 


From the Departments of Surgery and Pathology, Veterans Administration Hospital, 
Coral Gables, Florida 


44 


| 
vat 
By] 
— 
= 


SCHAFF AND THOMSON 


Fic Cane Photomi rogr Fibro epitheli al papillom oot brome hus 


duration. He was a construction engineer; his first wife had died of pulmonary tuberculosis 
he had history of heavy cigarette consumption for most of his adult life. Aside from re 
apiratory symptoms, several episodes of urticaria of unknown etiology were the only ill 
nesses noted in his medical history 

The present illness dated back to 1931, when this patient was hospit slized for treat 
ment of an illness recorded in U.S. Army records as “pneumonia, lobar, right upper lobe 
moderately severe, type undetermined.’’ He had been discharged with the process only 
partially resolved. Thereafter, he developed intermittent dry cough with progressively 
severe dyspnea. In 1964, 1941, 1944, and 1946, he underwent endoscopic removal of tumors 
of his right main bronchus. Pathologic findings are not available, but he was informed on 
each occasion that the tissue removed was “benign."’ His symptoms disappeared for several 
months after each operation, only to return and gradually progress in severity until sub 
meregue nt removal of more tissue was necessary 


Admission examination in 149 revealed bilateral emphysema. A chest roentgenogram 
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Photomierograph Papillomea of bronchus with squamous metaplasia 


showed a ritracheal masse in the superior portion ot the right hilus. On bronehore opi 
examination, a smooth tumor mass was seen projecting into the lumen of the mght upper 
lobe bronchus This tissue was hard in consistency and was removed with considerable 
difficulty. Histologic examination showed fragments of bron hial epithelium with under 


lying sear tissue 


In Februar 1952, the patient returned with progressively severe dyspnea and produe 


tive cough. Roentgenographic study reve sled partial atelectasis of the right lung. On bron 
choseopy, @ firm, pink wartlike tumor mass was found projecting into the lumen of the 
right upper lobe bronchus near its origin Approximately 2 cm distal to the carina, 4 sim 
lar tumor was seen on the anterolateral wall of the right main bronchus, occluding the 
lumen at that point. The masses were removed in fragments 

The patient's respirator diffieult cleared up considerably following the procedure 
ilthough the chronic cough persisted, usually after arising in the morning. He has returned 


it three-month intervals for bronchoscopic examinations, on en h occasion moderate re 
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Fig. 3. Case 2. Photomicrograph: Squamous papilloma of bronchus. (x65 


spiratory difficulty has been noted, and small papillomatous excrescences have been found 
involving proximal portions of the right main bronchus. These have easily been removed, 
using the endobronchial forceps 

Pathologic studies of tissue removed have consistently showed multiple small polypoid 
structures with central fibrous and granulation tissue stalks with evidence of subacute 
and chronic inflammation. The epithelium in most areas consisted of hyperplastic cells 
of the respiratory type, and rather large scattered foci of metaplastic squamous epithelium 
were noted, Segments of bronchial wall were removed with many specimens, and have re 
vealed subacute and chronic inflammation with increased vascularity, edema, and small 
foei of necrosis. No intracellular inclusion bodies suggesting viral infection were found 
figures | and 2 

Bacteriologie study of removed tissue revealed a mixed flora, predominantly Strepto 
coccus hemolytious, with a lesser growth of Staphylococcus aureus. Cultures for viruses and 


fungi were negative 
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Case 2. The patient is a §)-vear-old Merchant Marine seaman, who was admitted to this 
hospital in May, 1954, complaining of shortness of breath and a chronic productive cough 
for three vears. One bout of hemoptysis occurred on the day prior to admission He had 
smoked cl arettes tor many years but stopped three vears before admission ; he had smoked 
a pipe for many years Hospit alization had been necessary on several previous occasions 
for respiratory wheezing ind cough; a diagnosis of chrome asthma had been made. In 19, 
1 papilloma of voeal cord was removed, without notable relief of symptoms There had 
been no chest pain or weight loss. An old history of malaria and dysentery was recorded 

The physical examination on admission disclosed no abnormalities except an emphy 
sematous thorax with numerous wheezes and rhonchi in all lung fields. Roentgenographic 
studies showed bilateral emphysema, an inadequately expanded left lung the lower lobe 
of which showed focal pneumonitis; there was a mild displacement of the mediastinal strue 
tures to the left 

Bronchoscopic examination revealed multiple papillomas involving the tracheal mucous 
membrane to within 3 em. of the carina the distal portion of the left main bronchus, the 
proximal portion of left upper lobe bronchus, and the basal segments of the left lower lobe 
bronchus. These masses were removed with a biopsy forceps at several sittings. Bleeding 
was often profuse, but subsided in a few hours 

Histologic examination of removed tissue revealed papillomas composed of thickened 
SUAS epithelium with narrow vascular and fibrous cores and stalks Cella were fairly 
uniform with mild foeal pleomorphism, and no epithelial cell inclusions were found (fig 


ure 3 


COMMENT 


The etiology of bronchial papillomatosis is not entirely known but offers many grounds 
for speculation. The majority of writers referred to above believed that the tumors were 
true neoplasms. The multiplicity and w ide distribution of the tumors could be attributed 
to implantation of cells desquamated from a primary focus and aspirated in retrograde 
fashion to a more distal area. The clinical observation that in most cases the original 
tumor or tumors were found in the larynx and later appeared in the trachea and bronehi 
(often after instrumentation of the more proximal masses) lends weight to the implanta 
tion theory. The success of Furth (9), who succeeded in 1946 in producing malignant 
tumors in the lower respiratory tract by installation of tumor cells in the nostrils of mice, 
is also quite suggestive 

The occurrence of multiple benign or malignant tumors in 4 continuous epithelial 
tract, such as urinary and gastrointestinal systems, is seen not infrequently Although 


implantation cannot be excluded entirely in such cases, the majority of observers believe 


that these tumors arise in multicentric fashion in response to a Curnmorigente agent which 
is effective over a W ide aren 

Case 1 exemplified fibro-epithelial papillomas, the epithelial component of which was 
normal but hyperplastic bronchial epithelium with focal squamous metaplasia; there was 
also a marked inflammatory element in the stroma. A similar situation is offen seen im 
chronically inflamed lungs removed at surgery or autopsy In such cases foeal papillary 
overgrowths of fibro-epithelial tissues are found in smaller bronchi or bronchioles (figure 4) 


? demonstrated multiple squamous papillomas, lesions which may involve skin 


(‘ane 
or various mucous surfaces. There is considerable evidence that such lesions are induced 
by foeal virus infections. Ullman (10) in 1924 and Ishikowa (11) in 1936 showed that cell 
free extracts from human laryngeal papillomas produced similar lesions when applied to 
the surface of oral and vaginal mucous membranes of dogs 

Other viruses cause proliferative changes in cells resulting in papillomata. The best 


known example is the virus of Shope (12) rabbit papillomatosis. It ha» been shown that 
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Fic. 4, Photomicrograph: Fibro-epithelial papillomas of smaller bronchi, frequently 
found in chronie pulmonary disease, (240 


these viruses induce an orderly proliferation of epidermal cells, followed in some cases, 
and at long intervals, by malignant transformation. It is now believed that the 
in the same manner as other irritating agents, such as tars, arsenic 


this malignant transformation 


virus acts 
, and sunlight, to cause 


It has been shown that the malignant phase is not di 
rectly caused by the virus (13 


The virus theory explains all the manifestations of the disease: the oceurrence of multi 
ple papillomata, occasionally following laryngeal papilloma (known to be caused by a 
virus); the long intervals between the first appearance of the disease and its recurrence; 
the proliferative changes; and even the very rare malignant transformation. The theory 
is compatible with the Furth experiment. The virus theory elucidates the multicentric 


origin of the tumors and furnishes helpful clues to treatment. It suggests that radical 
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excision is fruitless. (Bronchologists have long recommended endoscopic removal of the 
tumors.) Perhaps, in the future, a vaceine or some of the newer antimicrobials will be 


found to be of value 


SUMMARY 


Two patients are presented who show the various manifestations of papillomatosis of 
the lower respiratory tract. The first patient had papilloma in the right main bron hus 
and the right upper lobe bronchus with multiple recurrences over a seventeen-year 
period. The second patient developed a laryngeal papilloma followed five years later by 
multiple lesions in the trachea ind major bronchi on the left These lesions were success 
fully treated by endoscopic removal 

There is a great deal of evidence, both direct and indirect, which suggests that papillary 


esions are caused by iral stimulation. Other authors explain the multiplicity of the 


tumors on the basis of local implantation of desquamated cells 


SUMARIO 
Papilomatos dela aquea de los Bronqutos Presentacion de lhe ( aac 


Preséntase a 2 enfermos que mostraban las varias manifestaciones de la paptlomatosts 
de la porcion inferior del iparato respil itorio. El primero tenia papilom en el bronquio 
del K6bulo superior derecho, con madltiples recurrencias durante un periodo de 
segundo enfermo manifesto un papiloma laringeo, guide cinco afos después de 
lesiones mGltiples en la traquea los bronquios mayores a la izquierda. lesrones fueron 
tratadas con éxito mediante la « Xtirpacton endoscopica 

Hav muchos datos, tanto directos como indirectos, que sugieren que esas lesiones papl 
lares son ocasionadas por excitacion vil il. Explican otros autores Ia multiplicidad de los 


tumores a base del implante loe il de células descamadas 


RESUME 
Papil omatose de la trachée et des bronches Rappo { iy deux casa 


Les observations de deux m slades présentant les diverses manifestations ce la papillo 


matose des voles respiratoires inférieures sont rapportees la premier patient avait un 
papillome dans la bronche souche droite et dans la bronche supérieure droite ln récurrenee 
des lésions s’était multiphée au cours d'une période de dix sept anes Le second patient 
ivait eu un papillome du larynx auquel avait suceédé de multiples lésions au niveau de la 
trachée et des grosses bron hes gauches Ces lésions furent traitées avee sucees pal In re 

section endoscopique De nombreuses preuves, a la fous directes et indirectes, permettent 
de penser que ces lésions papillaires sont provoquées par un virus D)’autres auteurs expli 

quent la multipheité de ces tumeurs sur lan base d’une implantation locale de cellules 


desquameces 
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TOTAL TUBERCULOUS CALCIFICATION OF A KIDNEY AND URETER' 


LEWIS G. JACOBS 


teceived for publication July 12, 1954 
Although renal tuberculosis is a well-known cause of renal calcification, the develop 
ment of total calcification during observation has rarely been reported. Accordingly, 
the present case of a patient with renal tuberculosis who developed a total calcification 
of the kidney and ureter during the course of his illness is deemed worthy of a report 
The case has three points of interest: the development of calcification, from none to 
total in four and one-half years; the absence of any clear evidence of urinary tract ob 
struction; and the presence of a complicating duodenal ulcer without evidence of pylori 
obstruction 
The causes of renal calcification may be divided into three groups (1, 2) 
Metastatic calcification accompanying bone disease with hyper« alcemin 
Calcifications associated with a lesion causing a decrease of solubility of caletum 
salts in the blood and tissue fluids, or causing impairment of calcium excretion 
Calcification in damaged or necrotic renal tissue 
Among causes in the second group have been upper gastrointestinal tract obstruction 
and prolonged vomiting; the mec hanism by which these cause « alcification is not entirely 
clear. The characteristic calcification is in the tubular epithelium. A toxic nephrosis has 
heen described in some cases, while in others calcification has been ascribed to secondary 
renal alkalosis. The injection of neutral, but not of a id, chloride salts exerts a protective 
action in cases of this type. To the writer’s knowledge, no such calcification has been 
reported as the result of an unobstructed ulcer, nor have the patients in the reported 
cases shown total calcification. The possibility that the persistent use of antacid medica 
tion could sufficiently disturb the acid-base balance to produce such renal calcification 
or to seriously contribute to its production seems unlikely 
Infectious calcifications belong in the third group. Braasch and Olson (3) classify 
tuberculous renal calcifications as follows: multiple small scattered areas, either streak) 
or punctate; single or few isolated, circumscribed areas of irregular outline and density 
a large irregular or diffuse area involving most or all of the kidney These classes are 
obviously not sharply demarcated. The first and third are considered pathognomonic of 
tuberculosis (4), but the second may have one of the other types of cause noted above 
The present case falls into the third class, and such cases of total unilateral calcification 
are rather uncommon. Crenshaw (5) reported that 131 approximately 7 per cent) of 
1,817 cases of renal tuberculosis seen at the Mayo Clinic showed some degree of calciliea 
tion, but only 41 of these (approximately 2 per cent) showed complete calcification 
Both Braasch (6) and Crenshaw express the opinion that ureteral obstruction ts a mayor 
factor in the development of total calcification. Symptoms may be slight or absent 


The treatment, indicated only in symptomatic cases, is usually a ureteronephrectomy 


CASE REPORT 


4 white male patient was first seen on March 29, 1948, at the age of forty nine years for 
treatment of a duodenal ulcer which had first been diagnosed in 1938. He had been treated 


for tuberculosis of the right hip in 1926, for ‘heart disease”’ in 1944, and (at the U.S. Marine 


From the Veterans Administration Hospital, Oakland, California 
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KUB on April 5, 1048. Stones seen on right; left kidney normal 


San Franemeo) for renal and vesical tuberculosis in 147. In February, 147 
cultures of both the bladder and left renal (eatheterized) urine were positive for tubercle 
bacilli. An intravenous pvelogram in Ma 147, was reported as showing poor visualiza 
tion of the left kidney with gas obscuring the upper calvees of both kidneys The inferior 
calyees we not definitely abnormal 

Examination showed, among other abnormalities, enlargement of the left seminal 
vesicle Thy re sere signe ind mptoms of duoden al uleer nigenogr stud eon 
firmed this diagnosis, but no pyloric obstruction was present The patient's cardiovascular 
avetem wae norm sl on climeal examination the blood pressure was atolic. SO diastoliu 
in mm. of mereur ind the elect roe irdiogt im was normal 

An intravenous pyelogram on April 5 showed that the mght kidney cont sined multiple 
ealeuli in the pelvis ind poor excretion on the left, but no definite sbnormality of out 


line. The plain film of the sibdomen (KUB) made at this time is shown in figure 1 
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ULOUS CALCIFICATION OF KIDNEY AND URETER iu 


2. KUB on tober 4, 1054 Total ealeifieation of left kiclne and ureter 


persist on right 

\ roent genograt f the pelvis showe Lloss of the head and neck of the yhit 
laboratory tests gave al ood urea nitroget fli me per Om negat eat tor philis 
Kahn anal count of 4.5 million erythrocytes per ev att gn hemoglobin, 
eukoevtes met per cent neutrophil per cent loer cent mono 
evies. and ent eo yphils (se the patient retise 1 tort tee ive wie esamination 
he was disel ved improved, after treatmer t of his duoden ileer witl modified Sipp 
regimen tructed to take ote f grain of henobartital at 
grain) dat i Amphogel” (suspension of needed 

Phe patient re enters i the hospital on Oetober 1 1952. comp ning of epigastric pain 
simtiar eter tol previous pain, but now constantly present for two wee) Ihe 
had noe ind terminal dysuria. > elling of the left ivmis was now paint 
und the mel la len Pus was discharging trom multiple serot The 
blood pressure was 112 systolic, SO diaste n mm. of mercury. A chest roentgenogram was 

f the left krdne hgure 
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2 snd the cystoseopie report on this day states ‘“The right and left ureteral orihiees were 
wide and gaping Laboratory findings were: blood urea nitrogen, 200 mg. per 100 mi! 

24 million erythrocytes per cu. mm., 6.4 gm. hemoglobin, 10,700 leukocytes, S7 per cent 
neutrophils, 13 per cent lymphocytes. Urine cultures were negative for tubercle bacilli 
Treatment for the uleer, neglected by the patient, was reinstituted as before. The patient 
experienced increasing nausea and vomiting und died in uremia on October 13. Permission 


for autopsy was refused 


SUMMARY 


Thisx article reports the case of a man who developed total calcification of an un 


obstructed tuberculous kidney and ureter during a four and one half year period of ob- 


servation 


SUMARIO 
T uberculosa Total de un Ritton y au lréter 


Preséntase el caso de un sujeto que manifests calcifieacién total de un rifion uréter 


tuberculosos inoelufdos durante un periodo de cuatro y medio afios de observacion 


RESUME 
Calcification tuberculeuse complete d'un rein et de aon uretere 


Cet article rapporte le cas d'un homme ayant présenté une caleifieation complete d'un 
rein tuberculeux perméable et de son uretére au cours d'une période d’observation de 


quatre ans et demi 
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Editorial 


Implications of the Phenomenon of Open Cavity Healing for the Chemotherapy 
of Pulmonary Tuberculosis 


Several reports of so-called healing of tuberculous cavities in the open, air 
filled state have recently appeared'’. Although some authorities are of the 
opinion that such “cysts” are not immediate derivatives of true tuberculous 
cavities, in our experience’ there is justification for believing that in some cases 
they are. It would appear that there has been a recent increase in the frequency 
of this phenomenon. This we attribute to the use of the various antimicrobial 
agents which are now available. It is our belief that the time has come for im 
portant modifications in the chemotherapeutic approach to tuberculosis. We 
believe that it is possible to formulate a better defined attack on tubercle bacilli 
multiplying within open cavities. In our opinion the primary aim of chemotherapy 
is to render the excreta of patients bacteriologically negative for tubercle bacilli. 
While there are many problems related to microbial resistance which have both 
theoretical and practical importance, perhaps concern for these problems has 
hypnotized much of the recent thinking devoted to the chemotherapy of this 
disease. Our primary aim is the destruction of tubercle bacilli. Therefore, the 
purpose of this editorial is to offer certain concepts which may be useful in ex 
plaining the mode of action of the various antimicrobial agents in effecting 
sterilization of the open tuberculous cavity in some patients 

In presenting this material, we are well aware of the fact that it is highly 
selected, supports our arguments, and ignores material which we deem to be 
irrelevant. This is, after all, a highly controversial subject. To our knowledge, 
no similar effort to explain the phenomenon of open cavity healing has as yet 
been published. We hope that the basic experimental data which we are inte 
grating here will provide an adequate foundation for understanding the dynam 
ics of this process 

Both streptomycin and isoniazid in vitro are actively bactericidal for human 
and bovine strains of Mycobacterium tuberculosis only when the organisms are 
multiplying® Probably, neither streptomycin nor isoniazid has an appreciable 
effect on tubercle bacilli in closed necrotic lesions, in which anaerobic conditions 
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are thought to prevail. Studies utilizing living macrophages have demonstrated 
that para-aminosalicylie acid is effective agaist only extracellular tubercle 
bacilli; streptomycin is effective agaimst extracellular organisms and is rela 
tively ineffective against intracellular bacteria at drug concentrations usually 
attained in vivo: and isoniazid is almost equally effective against both extra- and 
intracellular tubercle bacilli In pulmonary lesions, tubers le bacilli multiply 
extracellularly in great numbers, mainly in the softening neerotre material in 
open cavities". Therefore, on the basis of the intracellular versus extracellular 
location of the parasites, streptomycin and para-aminosaliey lie acid should be 
active against tubercle bacilli multiplying in open cavities. In addition, penetra 
tion of streptomycin into the cavity has been demonstrated by chemical meth 
ods'®. Isoniazid has also been proved by radioactive isotope studies to penetrate 
rapidly into both cavitary and easeous nodular lesions'*. Therefore, in theorv, 
multiplying tubercle bacilli within the eavity should be susceptible to the steri- 
lizing action of both streptomyein and isoniazid 

Florey” suggested that the relative avascularity of the tuberculous lesion 
might prevent attainment ol therapeutic concentrations of antimicrobial agents 
within the cavity. However, at the time when the presence of the drugs is most 
necessary, the open tuberculous cavity is lined with well-vaseularized granula 
tion tissue", even though the larger pericavitary arteries may be obstructed 
Therefore, the thickness of the wall and its vascularization probably are not 
obstacles to the achievement of adequate concentrations of these chemothera 
peutic agents within the lumen of the cavity 

When patients are treated with isoniazid alone in adequate dosage, the re 
duction in numbers of drug-susceptible bacilli in the sputum, together with the 
usual prompt appearance ol drug-resistant organisms, ts thought to be evidence 
that thix agent ix active within the cavity The same argument theoretically 
would appear to apply to streptomycin when employed alone Twelve of ninety 
six patients whose original treatment was 1.0 gm of streptomycin every third 
day and & mg. of isoniazid per kg. daily for a period of six to eighteen months 
continued to discharge tubercle bacilli in the sputum for at least six months 


Organisms highly resistant to isoniazid were present in the sputum of each 


of these patients before bacteriologic conversion (post -surgieal occurred 


No significant numbers of streptomycin resistant (to 10 y of streptomycin pet 


mil. of medium) tubercle bacilli appeared. The rare appearance of streptomyen 
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resistant organisms in the sputum alter large numbers of isoniazid-resistant 
organisms have appeared strongly suggests that streptomycin on this low dosage 
regimen was not biologically active against that part of the bacterial population 
within the cavity which was exposed to isoniazid 

Granted that streptomycin 1s chemically present within the cavity, why is 
it not biologically active? It has heen shown that desoxyribonuclere a id is 
present tn the contents of tuberculous cavities Cohn, Kovitz, and Middlebrook” 
have demonstrated that desoxyribonur lei acd antagonizes streptomyecith 
nitro. Thus, it would appear to be a possibility that streptomycin would be an 
tagonized by desoxyribonucleic acid as it diffuses into the open cavity in linieal 
cases. This implies that combined therapy with streptomycin and isoniazid 
when applied to open cavities, might well be, in most cases, equivalent to 
treatment with isoniazid alone 

The necessity tor employ Ing more than one drug at the same time seems to he 
well established Yegian and Vanderlinde”, nm an extensive review concluded 
that resistance Is not induced” by the action of the antimicrobial agent on 
susceptible organisms Resistant strains of mycobacteria appear prin ipally as a 
comseq Hence of selective action by the antimu robial agent The organisms which 
survive exposure to the drug are mainly those spontaneously appearing mutants 
which ace by nature resistant Each wild race of tubercle ba ith studied in our 
laboratories has been found to vield an individual, but more or less constant, 
incidence of spontaneous isoniazid-resistant mutants Similarly trains ot 
tubercle bacilli exhibit: spontaneous mutation to streptomycin-resistant forme 
at individual, but constant, rates 8 Streptomycin-resistant strains of tubercle 
bacilli are fully susceptible to isoniazid, and vice versa. The rate of spontaneous 
mutation of tuber le bacilh to tormes that are highly resistant to both isoniazid 
and streptomycin at the same time ts extremely low ‘ It should be em 
phasized that this verv low rate of spontaneous mutation of tuberele bach 
to forms that are re sistant to both isoniazid and streptomycin occurs only when 
susceptible organisms are exposed to these agents simultaneously and, clinically, 
early in the period of therapy If both drugs reach all multiplying bae ih within 
a short period ol time, spontaneously appearing mutants which might be resist 
ant to one drug should sooner of later be sterilized by the other. Probably the 
bacterial population within the cavity is seldom so large that organism naturally 
resistant to both streptomycin and isoniazid are numerically significant at the 
beginning of treatment™ Therefore, if the tubercle bacilli in the cavity are 
exposed to effective concentrations of both drugs together and for the first time, 
the total population of tae Ili in the cavity should be sterilized 


While this desired result may have oceurred in some of our ninety-six pa 
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tients who had not had any previous treatment, it did not occur in the twelve 
who remained infectious for at least six months. Therefore, we believe that the 
appearance of isoniazid-resistant forms in these cases is evidence that strep- 
tomycin was not biologically active within the cavity. The fact that no significant 
numbers of streptomycin-resistant organisms appeared as therapy was continued 
is further evidence that streptomycin was not active within the lumen of the 
cavity. The combined weight provided by these two facts constitutes compelling 
evidence that this is true 

And yet, formerly when streptomycin was used as the sole therapeutic agent, 
organisms resistant to it routinely appeared in the sputum. In those cases in 
which very high dosage regimens were employed, it is possible that enough 
streptomycin diffused into the cavity to provide an effective excess of bologically 
active streptomycin. On the other hand, streptomycin-resistant organisms also 
were recovered from the sputum of patients on lower dosage schedules. We 
believe that such streptomycin-resistant strains probably do not orginate from 
the multiplying bacterial population in the caseous contents of the cavity. The 
binding action of desoxyribonucleic acid which renders streptomycin inactive 
might prevent the attainment of effective concentrations of the drug in this 
location. Therefore, resistant organisms that appear in the sputum on lower 
dosage regimens should be selected at a site in the cavity which is relatively re 
mote from the “pyogenic membrane,” that is, from free desoxyribonucleic 
acid 

Canetti" clearly demonstrated that, in the untreated tuberculous cavity, the 
majority of the bacilli were located superficially in the “pyogenic membrane.” 
However, most significantly, he noted that a few intra- and extracellular organ 
isms were located in the peripheral granulation tissue of the wall. Organisms at 
this site are relatively remote from the autolyzing cells, from which desoxyri 
bonucleie acid presumably is derived. Therefore, as the streptomycin diffuses 
out from the capillaries in the granulation tissue, it might be biologically active 
against those organisms that are present in this special location. It is possible 
that these peripheral extracellular bacteria could be the source of the strep- 
tomycin-resistant mutants which eventually are shed into the necrotic contents 
of the cavity. The more centrally located organisms in the caseous material 
may remain drug-susceptible because the streptomycin does not reach them in 
effective concentration. Sooner or later significant numbers of resistant bacilli 
would multiply in the cavity, and, therefore, be found in the sputum. Indeed, 
in many cases they may ultimately constitute a significant percentage of the 


organisms multiplying in the contents of the cavity. Critical analysis of tech 


niques of tests for drug resistance indicates that only rarely may all bacterial 


cells excreted from the cavities of patients under streptomycin therapy be resis 
tant 
Para-aminosalieylic acid is blocked in its action by the presence of para 
aminobenzoic acid”. This substance is known to be present in necrotic debris, 
Am. Rev. Tubere., 1954, 76, 922 
* Youmans, G. P., et J. Baet., 1947, 54, 409 
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and presumably is present in the “pyogenic membrane” in cavities It would 
appear, then, that when streptomycin and para aminosalicylic acid were used 
in combination, effective combined drug therapy Was iif hieved ma limited sense 
This was due to the fact, we believe, that both drugs were unable to exert anti 
bacterial effects on the tubercle bacilli multiplying in the lumen ot the cavity 
In all likelihood they acted mainly on those organisms lying in the peripheral 
yranulation tissue. At this site they were able to act together because the sub 
stances which could block their action were relatively remote and were being 
exereted through the draining bron hus 

If this thesis is correct, then the failure ot streptomycin resistant mutants 
to appear in the sputum of our previously untreated patients on a regimen of 
streptomyein and ixoniazid can be explained. The extracellular organisms which 
are located within the peripheral granulation tissue probably are subjected to the 
simultaneous action of both drugs with the result that they no longer multiply, 
and many are sterilized The intracellular organisms and thoee multiplying Ww ithin 
the “pyogernte membrane” may be subjected only to the action of isoniazid 
lsoniazid-resistant forms, therefore, are selec ted. The one agent whi hos known 
to antagonize streptomycin and to appear im the contents of the cavity, desoxy 
ribonucleic acid, may well be the main obstacle in preventing sterthzation ol 
the oper Cay ity.” Although other products of autolyzing tissue may also block 
the carmtibvanc terial action of streptomycin, they have not been identified In any 
event, their activity in this respect would not alter the hypothesis presented 
here 

Elimination of the caseous material from the cavity would not only tend to 
reduce the blocking action ol desoxyribonuclere a id but alse would deprive 
the bacilli of their “culture medium.” In the natural evolution of the cavity, 
caseous necrotic tissue softens spontaneously but usually slowly and incom 
pletely. Ina study of our patients who were treated solely with isoniazid early 
and extensive liquefaction of caseous pulmonary tissue Was an outstanding host 
reaction Che term chemical casectomy Wie eoined by Purriel and his associates 
because they were impressed by the unique, possibly total. elimination of caseots 
material from the cavities ol jsoniazid-treated patients. Cure implanted caseous 
material from tubers ulous guinea pigs subs utaneously into hypersensitive guinea 
pigs In animals which were then tre ated with isoniazid, lhe quae faction and absorp 
tion were more rapid than in the controls. On the contrary, I animals treated 
with streptomyecm alone, liquefaction was inhibited and encapsulation oc urred 
It seems reasonable, at least in some Instances, to assume that isoniazid pro 
motes the lquelaction of caseous tissue 

The fact that more cases of open cas itv healing are being seen following the 
use ob Varios regimens ol combined drug therapy ially when isoniazid 
is employed, suggests, indeed, that in certain very special cases the drugs are 
completely effective mm the sense indicated here Actually, in current practice 


the real potential of streptomyem and isoniazid in combination is not realized 


Denar, J. Am. Rev. Tubere 1053, 144 
Arch di tissol 1053, 2) 
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frequently enough. Among a great variety of factors which may be responsible, 
there are several that suggest themselves as having great importance. Caseous 
material may fail to soften. Premature closure of the bronchus may hamper the 
elimination of the softened caseous necrotic tissue. Delay in mechanical elumina- 
tion of caseous material might continuously block one of the drugs from activity 
within the cavity, and so allow organisms resistant to the other to be selected. 
Irreversible fibrotic pericavitary lesions might interfere with the mechanics of 
emptying. In any case the consequence of these obstacles is the retention of 
caseous material in the cavity 

It appears logical to propose a different approach from the usual therapeutic 
regimens now employed when one is dealing with open, cavitary pulmonary 
tuberculosis which has not previously been treated. Some preliminary measures 
may profitably be used which would tend to reduce the numbers of tubercle 
bacilli multiplying in the cavity to a minimum. In addition, efforts should be 
directed at preventing the accumulation and hastening the elimination of caseous 
necrotic tissue from the cavity. Finally, when the open lesions have been pre 
pared for healing, treatment with our most effective drugs should be started 
In view of the obvious importance which we attach to sterilizing as many of the 
tubercle bacilli as possible, as early as possible, no apology need be tendered for 
our emphasis on the early phase of therapy. We believe that the use of bigh doses 
of the various antimicrobial agents when the cavity is specially prepared offers 
hitherto unsuspec ted opportunities in the therapy of cavitary pulmonary tuber 
culosis 

This approach seems all the more important in view of the fact that it is the 
persistently open cavity containing caseous necrotic material and, too often, 
drug-resistant tubercle bacilli which is the most outstanding stumbling block 


today in the chemotherapy of tuberculosis. 


W. F. Russe, Jr. 
S. H. Dressier 

G. MippLesprook 
J. DENs1 

Denver, Colorado 
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Notes 


DRUG SUSCEPTIBILITIES OF M. TUBERCULOSIS ON 
CHARCOAL AGAR MEDIUM 


Recently a charcoal agar medium has been introduced for the cultivation of tubers le 
bacilli'. Growth of mycobacteria on this medium compares favorably with that obtained 
on egg-potato-glycerol and on oleic-acid-albumin media now In common Use The char 


coal agar medium, in contrast to media currently e uployed, is economical and is easy to 


prepare. 
As the charcoal agar medium may prove satisfactory for clinical use, its applicability 
to drug-susceptibility tests is of some interest. The present communication reports expert 


ments dealing with this point. 
In the initial studies, a compartson was made of the drug susceptibility of two labora 
tory strains of tubercle bacilli to streptomycin, PAS, and isoniazid on chareoal agar ind 


on oleic-acid-albumin media The mycobacteria used were H37Rv (human virulent) and 


Vallée (bovine virulent), neither of which had ever been exposed to antimyeobacterial 


drugs. 
The data in table | reveal that the concentration of streptomyem and of PAS required 


for inhibition ol growth was approximate!) the same in these two medin 

However, when isoniazid was tested, there was 4 marked difference in the concentra 
tion required for inhibition of growth on charcoal agar as compared to oleic acd: alburnin 
agar. With both human ind bovine strains of mycobacteria, the inhibitory concentration 
of isoniazid in charcoal agar was approximately twenty times that in oleic-acid albumin 


medium. Thus it appeared that isoniazid was antagonized or inactivated in some fashion 
in the charcoal medium 

Additional experiments were done to observe the effect of isoniazid on the growth of 
resistant strains of tubercle hacilli on chareoal agar medium. The re sults are presented in 
table 2 

At the outset, it should be pointed out that the quantity of! growth of the isonimazid 
resistant tubercle bacilli in a given period of time was markedly less than that of isonimaid 
susceptible mycobacteria whether they were cultn ited on chareoal ag 
{s is shown in table 2, with the highly isoniazid-resistant strains RA 
the same. However, in the 


iar or on ole 


albumin medium 
and RB. the end points on the two media were approximate 


ease of the mildly resistant stram RC. the determinations were markedly different. On 


charcoal medium, the susceptible strain H37Rv (see table 1) and the » ight resistant 
/) were inhibited bv the same tsonimzid concentration while on olen 


strain RC (see table 2 
acid-albumin medium ten times more isoniazid was necessary to inhibot RC than H37K 


in the form employed, could not be used to differentiate bn 


| strains resistant to low concent! Of} 


Thus, the charcoal medium, 
tween susceptible bacilli ane 


The mechanism of the inactivation ol isoniazid in the chareoml agar medium was next 


charcoal known to wisorb a variety of substances, © veriment sere 


(juantitie al 


considered 
performed to determine whether or not adsorption of sont izid took place 


charcoal similar to those present in the culture medium (0.1 per cent) were suspended in 


wpueouUs solutions ol ascending concentrations ol isoniazid. Alter standing it room tem 


perature for fifteen minutes, the charcoal was separated by filtration through paper 
ind the concentration of isoniazid was then letermined in the filtrates, utilizing @ cote! 

Dunos, RJ An Rev. Tubere., 1047, 56, 334 
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TABLE 1 


or ro Vartous on CHarcoaL AGAR AND ON 
AGAR 


Growth of Tubercle Bacill 


Antimycobacterial Drug H37Ky (Human Virulent Vallée (Bovine Virulent 
Chasceel Aans Olew n Chasesal Olen n 
y per ml 
Streptomycin® 2.00 ot Of 
Streptomyem”* 1.00 + 0 
Streptomyan*® 0.50 +++-4 + 
PAS} 200 0 0 
PAS} 0 0 4 
PAS] om 0 + 4 he 
PAS?! 12 be adie abe +4 he abe abe 
|’ AS! ooo + 4 + + +4 +++-4 
Isoniazid 0 0 0 
he 0 0 0 
Isoniazid? 500 +++4 0 all 0 
Isoniazid 200 +++4+4 0 0 
Isoniazid 0.100 + 4 4 
Isoniazid 0.025 +++-4 + +4 all 
Isoniazid? +++-4 +++-4 


* Added aseptically to sterilized medium 

t Growth after incubation for 19 to 21 days estimated by visual examination and graded 
from 0 (no growth) to ++ +44 (growth equal to that on the same medium containing no 
antimicrobial drug). The inoculum was 0.025 ml. of a 151,000 dilution of a fully grown dis 
persed culture in hquid medium 

t Autoclaved with the medium 
reaction for this determination’ No isoniazid was detectable‘ in the filtrates from solu 
tions originally containing less than 10 y of isoniazid per ml. Filtrates of the more con 
centrated isoniazid solutions contained demonstrable isoniazid, but in quantities more 
than tenfold less than the corresponding controls to which no charcoal had been added 
Thus the reduced antimycobacterial activity of isoniazid in charcoal agar medium ap 
peared, indeed, to be due to inactivation of isoniazid by charcoal The limit in the amount 
of isoniazid inactivated by the quantity of charcoal used suggested that the inactivation 
process might be an adsorption, with saturation of the charcoal at high concentrations 
of isoniazid 

bk. Lancet, 104, 656 

‘The color test used was not « ipable of detecting concentrations of isoniazid less than 


ly per ml 
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TABLE 2 
COMPARISON OF [sONIAZID oF Resistant SrRains or M. Tuseret vosis 
as DeTerMINeED ON CHARCOAL AGAR AND ON Onetc-Actp-ALBUMIN AGAR 


Growth of Tubercle Bacilli 


Isonia cd RA* RB* 
( oncentration 
y per mi 
00 of ot oft ut at ut 
10000 +4 0 0 
33.00 be ++ +4 0 0 
wooo 4. 4 +++-4 +++-4 adhe adhe of 
0.10 4. 4 +++4 ++4 ++ +4 ++ +4 ; 


* Isoniazid-resistant strains of M. tuberculosis originally isolated from patients at The 
New York Hospital. These strains were obtained through the courtesy of Dr. Ralph Tomp 
sett. Inoculum was 0.025 ml. of a 1:1,000 dilution of fully grown dispersed cultures in liquid 


medium 
+ Growth after 19 days estimated by visual examination and graded from 0 (no growth) 


to ++++ (growth equal to that on the same medium containing no antimicrobial drug 


Attempts were made to saturate the charcoal with isoniazid prior to incorporation in 
the medium. When such charcoal was used in culture medium, however, the growth of 
tubercle bacilli was in all cases inhibited, even when no isoniazid was added 

One other approach was used in efforts to modify the chareoal agar medium so as to 
render it mere satisfactory for isoniazid-susceptibility determinations. Other substances 
were sought which might compete with isoniazid for adsorption onto the charcoal, Such 
a substance, if relatively nontoxie to the growth of mycobacteria, might be added to the 
medium in high concentrations and might thus largely displace isoniazid from the chat 
coal. Organie bases and compounds similar in molecular structure to isoniazid were 
studied. Of these substances, which included niacin, arginine, putreseine, phenyl hydra 
zine, hydrazine hydrochloride, histamine, spermine, and semicarbazide, only semicarba 
zide was found to be adsorbed to charcoal in significant amounts. These observations 
thus suggested that the carbonyl-hydrazine (R—-CO--NH-—NH,) grouping might be the 
portion of the isoniazid molecule responsible for its adsorption to activated charcoal 

In view of the above findings, isoniazid-susceptibility tests were done in charcoal agar 
media to which semicarbazide had been added. The results are presented in table 4. As 
is shown in this table, the addition of semicarbazide did enhance considerably the anti 
bacterial activity of isoniazid. In charcoal agar containing 100 y of semicarbazide hydro 
chloride per ml., 0.25 y of isoniazid per ml. brought about significant inhibition of growth 
of H37Rv (susceptible strain), whereas in plain charcoal agar an isoniazid concentration 
approximately ten times higher was required to achieve the same effect It should be 
pointed out, however, that the inclusion of semicarbazide hydrochlonde at 100 7 pet 


ml. did not completely eliminate the inactivation of isoniazid in charcoal agar, since the 
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TABLE 3 
Tue or ON lsontazip- DeTeRMINATIONS ON CHAR 
COAL AGAR Mepium 


Growth of Tubercle Ba 


H37Rv (Human, lsoniasid-Susceptible RD (Human, 
Conce 
tration of 
( harcoa Charcoal Ole Charcoal Charcoa ct 
scar Mediu Me var Mediu fa 
Acid Aga m Aga Medium Acid Agar Ae m Agar Me um Avar Med 
Alburr No Ser Albumit No Sem 
Medium H arbazide Mediun H eH arbazide 
“rm jer ermi ‘ per m 
per md 
sn rt (it + +4 
0 0 + +4 + + 4 
> +> +> +4 +. 4. 4 + 4 + + > +> 


* It should be noted that on all of the media employed growth of this resistant strain was 
considerably lews than that of the susceptible strain 

t Amount of growth after incubation for 21 days estimated by visual examination and 
graded from 0 (noe growth) to ++ +4 + (growth equal to that on medium containing an ant! 
microbial drug). The inoculum was 0.025 ml. of a 1:1,000 dilution of a fully grown dispersed 


eulture to liquid medium 


concentration of isoniazid required for significant inhibition in this medium was still 
roughly four times that needed in oleic-acid-albumin agar. Higher concentrations of 
semicarbazide, which might well have resulted in the liberation of additional isoniazid 
from the charcoal, were unfortunately bacteriostatu 

The data in table 3 dealing with the moderately resistant strain RD illustrate that 
one may readily differentiate, using charcoal agar containing semicarbazide, between 
such a moderately resistant strain (end point at 2 of isoniazid per ml.) and a susceptible 
strain of M. tuberculosis 

It was also noted that the end point in charcoal agar medium was often diffuse, a 
gradual diminution in growth resulting from increasing concentrations of drug. Further 
more, as mentioned above, the charcoal agar containing semicarbazide still inactivated 
isoniazid to some extent. These two undesirable features made it difficult to detect on 
this medium strains of tubercle bacilli only mildly resistant to isoniazid (less than 1 ¥ 
per mi.) 

In summary: Charcoal agar medium was found to be satisfactory for determination ot 
the susceptibility of tubercle bacilli to streptomycin ind to PAS. However, the anti 
bacterial activity of isoniazid was markedly diminished in this medium, apparently because 
of adsorption of isoniazid to the charcoal. Semicarbazide was also found to be adsorbed by 
charcoal and, when this compound was added to charcoal agar medium, ison activity 
in this medium was increased the charcoal agar me lium containing semicarbazive 


was, however, not entirely satisfactory for isoniazid-susceptibility determinations 
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Marked or moderate isoniazid resistance greater than | y per ml could be detected on 
such a medium, but it was difficult to differentiate reliably between mildly resistant 


less than 1 y per ml.) and susceptible mycobacteria 
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COMPARISON OF ROENTGENOGRAPHIC AND SURGICAL 
FINDINGS IN TUBERCULOSIS 


Multiple drug therapy and surgical resection of residual lesions are being increasingly 
used as treatment for tuberculosis. The employment of the resection is placing more 
responsibility on the radiologist for accurate interpretation of the preoperative lung 
pathology. The ability of chemotherapy to clear extensive lesions, leaving no disease which 
warrants resection, poses a challenge to the radiologist. Can he predict exactly what ts 
present and therefore prevent surgery in those cases in which chemotherapy has already 
satisfactorily modified the lesions? In an attempt to answer this question, 165 cases of 
patients who had been operated upon were analyzed with reference to the preoperative 
and operative evaluations of the nature of the lesions. One hundred and seven of the 
patients were from the Muirdale Sanatorium and 58 from the Veterans Hospital, Wau 
kesha Wisconsin 

The roentgenograms which were found to be essential for good predictions were the 
postero-anterior oblique, and lateral roentgenograms, and the lateral planigrames Pos 
tero-anterior full chest planigrams were also included if no residual disease was seen on the 
other views. The lateral planigrams were valuable for prediction of distribution of residual! 
lesions. The planigrams were overexposed and were viewed with a strong spotlight 

The cases presented below illustrate several points The first two cases are examples of 
disease which responded completely to chemotherapy In these cases, surgery would not 
have been done if more weight had been placed on the roentgenographie findings The 
other cases illustrate the value of heavily exposed lateral planigrams in predicting the 
character of residual disease 

The first two eases are selected as representative of the patients who responded to 
chemotherapy and had insignificant disease predicted on roentgenography and confirmed 


at surgery 


Case 1. The patient was a female, 23 years old, who developed tuberculosis in October, 
1051. Tubercle bacilli were cultured from the sputum in January, 1952. All subsequent 
sputum cultures were negative for tubercle bacilli. The patient received streptomycin 
PAS therapy from December 24 1951, to April 26, 1955 Thoracotomy was performed on 
December 16, 1952, and showed minimal fibrosis in the lingula. No resection was con 
sidered necessary 

The roentgenogram reproduced in figure | shows soft, nodular disease in the lower 
half of the left lung, which showed complete clearing on all special films In figure 2 


the postero-anterior view shows the clearing which occurred 


Case 2. The patient, a d8-year old male, developed tuberculosis in September, 1048 
Right phreniclasia was performed on May 17. 1949. Pneumothorax was given for seven 
months in 1051. The patient left the hospital against medical advice in 1951 and 1952 
He was readmitted in February, 1955, for reactivation of disease. All sputum and 
gastric cultures were negative for tubercle bacilli on all admissions. Streptomycin 
PAS therapy (the streptomycin twice weekly) was given from February to November, 
1953. Thoracotomy was performed in November, 1955 and revealed scarring in the 
apical segment and a 5mm subpleural, caleified nodule on the posterior segment This 
had the appearance oft un ly mph node and wits not resected 

In figure 3, a roentgenogram obtained during the last hospital admission is repro 
duced. The mottled disease, which has spread from that observed on previous films 
may be seen. In figure 4, the film shows the complete clearing of the disease which 
followed chemotherapy; a calcified lymph node may be seen over the second anterior 


2 


os 
+ 
i 
% “ay 
3 
4 
nb 
— 


Fic. 1. Case 1. Roentgenogram showing soft, nodular disease in lower half of left lung 


Fic. 2. Case 1. Postero-anterior view of left lung showing clearing 


Fig. 3. Case 2. Roentgenogram obtained during last hospital admission Mottled disease 
which has spread from that seen on previous films, may be noted 

Fic. 4. Case 2. Roentgenogram showing complete clearing of the disease which followed 
er the second anterior mb 


chemotherapy; a cal ified lymph node may be seen Ov 
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The following 3 cases illustrate the value of lateral planigrams: 


Case 3. The patient, a male aged 43 years, developed tuberculosis in 1946. A seven-rib, 


left thoracoplasty was completed on October 6, 1049 Sputum cultures became negative 
for tuberele bacilli and the patient was discharged on December 18, 1950. Follow-up 


examination showed a gastric culture positive for tubercle bacilli on April 30, 1953 


The patient was readmitted and given isoniazid-streptomycin from June 10, 1953 to 
the present time. A left upper lobectomy was performed on January 7, 1954. In figure 


5, & postero anterior film of the left upper lobe shows the disease obscured by regen 
erated ribs. In figure 6 there is excellent visualization of three cavities on one section 
1 he cavities were seen only on lateral planigrams 


Case 4. The patient, a 22-year-old male, developed tuberculosis in June, 1953. Gastric 
eulture was positive for tubercle bacilli in June of 1953. Streptomycin-PAS was ad 


hia. 5. Case 3. Postero-anterior film of left upper lobe showing disease obscured by re 
generated ribs 
ria. 6. Case 3. Planigram showing three cavities in one section 


Roentgenogram showing soft, patchy infiltration in superior and 


Fia. 7. Case 4 
terior basal segments of the left lower lobe 
Postero-anterior view of left lung showing no evidence of residual disease 


Lateral planigram, showing 1 em. nodule in superior segment of the lower 


Fia. 8. Case 4 
hia. 9. Case 4 


lobe 
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Fic. 10. Case 6. Roentgenogram showing seattered disease in right lung, with marked 
infiltration in apex and first anterior interspace 
vith marked bronchiectasis in 


Fie. Case 6. Planigram showing scattered disease 


contracted apieal and anterior segments 


ministered from June 1053, to the present time The patient was offered thoracotomy 


but has refused the procedure In figure 7, a soft, patehy 


ments of the left lower lobe may be seen The p 


infiltration in the superior and 


posterior ts il neg tient also had right 


sided disease which has completely « leared 


In figure 8, a postero-anterior view of the left lung shows no ¢ vidence of residual 
disease. In figure 9, a lateral planigram, a lem. nodule is shown In the superior v 
ment of the lower lobe This lesion is not seen on other views because of proximity to 


the dorsal spine 


Case 6. The patient, a 24 year-old cale developed tuberculosis in November, 1051 
Ciastric culture was positive for tubercle bacill in December, 1051 The patient was 


treated with isoniazid streptomycin from April 1% 1952 to the present. A minimum 


section of at least the entire uppet lobe was considered necessary on the basis of the 
preoperative filtes This impression was confirmed at surget und an upper lobe lo 


hectomy was done, leaving amall nodules in the middle and lower lobes 
The seattered disease in the right lung is shown in figure 10 with marked infiltration 
in the apex ind first anterior interspace Seattered disease is shown on the lateral 
planigram figure 11 with marked bronchiectasis in contracted apical snd anterior 


segments 
The most important prediction made from the preoperative roentgenographie findings» 
ix the distmbution of the disease. In the comparisons anal zed, a 
\ minor error related to position of the suture line wae 


eorrect prediction wie 


made mn O40) pet cent of the cases 
found in 22 per cent. There was a gross error of IS per cent 
pre lieting distribution are of concern In analyzing them, it whe found 


The failures in 
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that they occurred most frequently in extensive disseminated disease. The difficult areas 
to evaluate were the anterior upper lobe segments and posterior basal segments. More 
planigrams in questionable cases would undoubtedly have helped in evaluating the 
presence or character of disease in these areas 

Once the distribution of the disease is determined, it is fairly easy to predict the extent 
of the excision which will be necessary. The percentages of error on the extent of surgery 
were identical to those found in’ predicting distribution. The gross error of 18 per cent 
mecluded all cases in which it was necessary to remove a subsegment or more than the 
amount of tissue predicted at the preoperative evaluation 

Cavities were found to be present as predicted in 38 per cent of the patients. More 
over, no cavities were found at surgery which had not been predicted on preoperative 
roentgenography. In S per cent of the cases, however, cavities were thought to have been 
present on the basis of roentgenography , and no cavities were found at the time of surgery 

\s a pount of additional interest, an attempt was made to predict the pathologic charac 
ter of the lesions for which surgery was performed. Caseation was predicted and was found 
in 72 per cent of the cases. The presence of caseation was predicted and was not present in 
2 per cent. In 7 per cent of the cases, caseation was found, but its presence had not been 
precdieted 

The presence of fibrocaleareous nodules was predicted and was found in 19 per cent of 
cases and was predicted and not found in 2 per cent. In 14 of this group the disease present 
was predicted to be insignificant, and this was found to be so in 12. In this group, however, 
Imm. to 5 om. nodular lesions were included which were thought to be not worthy of re 
section, and the surgeon agreed or took a specimen for biopsy. Of these 14 patients, 5 
had minimal fibrosis and pleural adhesions with no palpable nodular disease. The 8 others 
hal small nodules as predicted, and all had cultures negative for tubercle bacilli. In 2 pa 
tients the lesions were positive for acid-fast bacilli on microscopy; the remaining lesions 
were negative for acid-fast bacilli on microseopy 

In analyzing the figures, it was found that, of 165 cases, surgery might have been pre 
vented in 12 pa‘ents (7 per cent), all of whom had insignificant disease. On the other 
hand, in 2 of these patients’ with insignificant disease, small caseous lesions positive for 
acid-fast bacilli on microscopy were present. In 2 other patients with previous pneumo 
thorax, caseous lesions were thought to be present, but only adhesions with no palpable 
nodular disease were found on exploration 

The remainder of the 149 cases were those in which extensive nodular disease was 
thought to be present, and this diagnosis was confirmed at surgery 

In summary: The findings of this study show that, if cavity is present, preoperative 
roentgenograms can be relied on to predict its presence but that, in S per cent of the cases, 
the presence of cavity was predicted and not found. The analysis further shows that the 
roentgenographic interpretation can be relied on to prevent thoracotomy in cases in which 


only small, insignificant lesions remain after chemotherapy 
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THE EFFECT OF HI INTENSITY ULTRAVIOLET FOR STERILIZATION 


Increased interest in experimental studies pertaining to tuberculosis has led in recent 
years to a growing need for knowledge concerning methods whereby personnel may be 
protected from infection and working areas sterilized. In a recent communication’, a 
closed sterile area under a negative pressure of approximately one-fourth inch of water 


was described 


The area is supplied with sterile air by means of a double bank of disposable Air Mat 
Dry Filters (Type K, manufactured by the Air gard Manufacturing Co., Chicago, Ilinois 
Negative pressure is maintained by the use of a blower ind the exhaust air is passed over 
wnother double bank of the same type of filter as desenbed above The area is covered by 
two types of ultraviolet Hi Intensity ultraviolet? for sterilization of the area and st wndard 
ultraviolet for use while personnel are operating within the area. Access to the area is 
gained by the use of an air lock*® which ts similarly covered by both types of ultraviolet 


lighting. During the actual handling of specimens or microbiologie « ultures, all ultraviolet 
lights have been turned off in order to avoid possible death of tubercle bacilli which might 


be exposed directly to the rays 


This type of sterile area is used routinely for cultural studies with Mycobacterium tuber 
eulosis. Animal studies are conducted in similar closed areas differing in that Hi Intensity 
ultraviolet lighting is utilized only in the air locks through which one gains aecess to the 
animal rooms, while standard ultraviolet lights are kept on twenty-four hours daily within 
the animal rooms themselves 

The present study was conducted in order to evaluate the extent to which Hi Intensity 


ultraviolet light is capable of sterilizing such working areas 


A six- to seven-day culture of the strain of VW ycobacteritum tuberculosis was 
used throughout. Oleic-acid-albumin agar plates were seeded with 0.1 mil. of culture 
and equal numbers of the plates wer exposed to Hi Intensity ultraviolet light: for 
varying periods of time The plates were located at a distance of six feet trom the 
Hi Intensity ultraviolet lights during the period of exposure. Plates were then incubated 
at 37° C fora niod of twenty-one dave, and the number of surface colonies ipypare nt 
at this time period was counted. In all instances, plates simult ineously seeded with 
V yeobacterium tuberculosia but not exposed to Hi Intensity ultraviolet light prior to 


incubation served as a basis for comparison 


The results obtained in three separate experiments are illustrated in table 1* Plates 
inoculated with large numbers of organisms were sterilized by exposure for filteen hours 
to Hi Intensity ultraviolet light, while a significant decrease in the number of vi ible cells 
occurred within one-half hour to three hours 

The experiments described herein were conducted within the eny ironmental conditions 
of a closed sterile area. The sterilizing capacity of the Hi Intensity ultraviolet light was 
measured in terms of its ability to kill actively metabolizing cells located on the surface 
of an oleic-acid-albumin-agar medium. Even under such optimal conditions, a long 


period of exposure was necessary to bring about sterilization. Cells protected from the 


G. L., et Am. Rev. Tubere., 1054, 70, 191 

? Fifty-two watts are used to cover this area, which has an air space equivalent to 1 08 
cubie feet. Within this area is a sterile hood with an air space equiv silent to 24 culne feet 
and covered by 19 watts of ultraviolet light. Homogenization of infected tissues ind similar 
procedures are carried out. Within the hood, routine pro edures are performed in the larger 
ares 

4 total of 16 watts is used to cover this area, which has an air space equivalent to 178 

cubie feet 

‘Fenner. F., et al; Ann. New York Acad. Se., 1949, 62, 75) 
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TABLE 1 


Tue Capaciry or Ht Licut 


H37hy 


WV ycobactertum tuberculosis 


Number of Coloniest per Plate After Exposure 


Number 


620.000 


seconds 


seconds 


mintites 


minutes 


minute 


minute 


> 


hours 


15 hours 0 0 0 Ty) 0 


Number of viable 


eell units was estimated by the method of Fenner, Martin, and 
Pierce 

t The amount of growth on pl ites showing more than 100 colonies was measured accord 
ing to the alk +++ The number of colonies per plate was counted 
weurately in all other instances. The number of colonies in the central exposed portion of 
the plate is indieated by the numerical figure; while (+) indicates that heavier growth was 


present near the rim of the plate 


direct rays by the glass rim of the plate, in particular, showed a tendency to survive 


during prolonged periods of exposure. These observations with Hi Intensity ultraviolet 
light make it seem probable that sterilization is seldom achieved with the standard 
ultraviolet lights so widely used in laboratories in which pathogenic microorganisms, 
such as VM. tuberculosis, are handled 


It must be recognized that the inoculum used in the present experiments was large, 
and only rarely would contamination of a laboratory area with so many microorganisms 
occur. Smaller numbers of cells undoubtedly would be rendered nonviable in shorter 
periods of time. Nevertheless, the fact that contaminating organisms are not always 
located on open surfaces implies also that at times they may not be reached by the ultra 
violet rays. To assume, therefore, that sterilization has been accomplished may lead to a 
false sense of security 

Laboratory accidents unquestionably occur in a matter of seconds, and no device 


lamp can protect laboratory personnel from contamination at such 


such as an ultraviolet 
times. The use of Hi Intensity ultraviolet light, along with other protective measures, 
however, may prevent the propagation of infectious agents within the laboratory if 


employed for adequate periods of time 


Cas. Prizer & Co., Ine. Giapys L. Honpy 
630 Avenvt Tuura F. Lenert 
New Yor« 


BRrooktyn 6 
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NOTE ON THE SECONDARY FACTORS INVOLVED IN THE ETIOLOGY OF 
SARCOIDOSIS 


of Carr and Gage has led to the summarization of a series of answers 


The recent note 
{ the 


to inquiries regarding the geographic distribution of sarcoidosis mailed to most « 


medical schools outside the [ron Curtain. In addition, inquiries were also mailed to the 
World Health Organization and from their central office in Geneva to «a large number ol 
their field physicians It is proper to acknowledge the considerable aid offered by the 
tritix<h Ministry of Health, Canadian Tuberculosis Association, ¢ 
Health, and the Belgian Ministry of Colonies. All of these governmental and interna 
tional organizations were of great nasistance 
yjived in the etiology of sarcoidosis are those relating 


‘anadian Ministry of 


in obtaining a wider distribution of mquiry 


Among factors which might be inve 
The incidence of the disease ipparently is just ibnonut 


to age, Sex, race ind geography. 
es to the fact that sar 


Phe literature contains repeated referen¢ 


equal in the two sexes 
vears old and gradually increases 


coidosis apparently is quite rare In persons less than ten 


up to the decade between twenty and thirty vears, at which it seems to have 


in frequency 
its highest incidence 

Particular reference was made in these inquiries to the subje 
This interest arose from the fact that this writer, in the course 


set of the race of the persons 


who me quired the disease 


of fairly considerable experience in several hospitals in this area had failed to encounter 


a single case among Spanish Americans It may be stated that the majority of theme 


people are of Mexican Indian descent, and the percentage ol Indian or luropean an 
cestry may vary to 4 considerable extent. The obvious suggestion was that in some way 
yrotected by habit or environment from sarcoidosis. This 


the American Indian might be | 
S. Publi Health Service ind 


iderable correspondence with the | 


inference led to cons 
iat Indian hospitals. To summarize bri fly, Aronson 


with various medi al otheers stationer 
replied that, in his extensive roentgenographic surveys, he has never encountered a single 
Ne 


instance among Indians Likewise, Dahlstrom ol the Indian Hospital service 
ge expenence and J Johnson during 


Viexico has never seen sare oidosis in his lar 
mong Indians of the Northwest 


years of observation has encountered no sarcoidosis 
In Ik Cit Lamb with a large and long dermatologi 
of sarcoidosis among them. On the other 


experience which included 


many Indians, never encountered a single case 


hand, H arrell has re ported single case in his senes from North Carolina Plaitt, on 


(whether or not these eould the patient 
al Negro aor 


the same state, encounts red one case 


not evident nor is it clear whether these patients might have admixtures 


European blood 
From Canada, Falconer, with a wide experience in Alberta Yukon, and the Northwest 


Territory, has never encount red sarcoidosis; nor has Brown from a smaller study among 
the natives of the Canadian Mastern Arctic. Brien states that, while in Ontario there are 


fairly numerous cases among whites, he has seen none among Indians. From Manitoba 


Elliott writes that, alt! ough he sees a number of white patients 


an Indian, who was half breed It vould thus ippent that 


vith sarcoidosis, he has 


seen only one case in 


w available miormation i+ eoncerned, sarcoidosis is a disease which is considerably less 


frequent in Indians than in whites The only instances thus 


Canadian half breed and the two Indians trom North Carolina 


discovered comsist of the 


Since it is common experience that sarcoidosis is much more frequent among Negroes 


in the United States than among W hites, it seenmer 


colonial services and possess1ons with stations in Africa about the mendence o 


i worth while to inquire of the varius 


sarcoidosis 


among the natives Unfortunately, the information obtained is very spott ind ad 
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mittedly probably inaccurate, owing to the natives’ fear of physicians, the remoteness 


of villages, and perhaps to some extent the lack of enthusiasm among medical officers. 


From the Belgian Congo, Duren, the inspector-general of hygiene, writes that there 


is not a single case on record in his files of pathologic reports and that he has encountered 


no reports of the disease in any files to which he has had access. Silvera of Nigeria reports 


not a single histologic picture compatible with sarcoidosis in the small files of the Univer 


sity College of Ibadan. From Johannesburg, however, Becker of the Institute of Medical 


Research writes that sarcoidosis is now and again encountered among natives of that 


region. It may be remarked that a great many of the African natives in the Union of 


South Africa are living under conditions partly imposed by the white man. In view of 


the scanty information, it is necessary to draw conclusions with extreme care, but it does 


appear that sarcoidosis may not be quite so frequent among Negroes of Africa under 


native conditions as among Negroes in this country 


In regard to the yellow races, recent events in China have made it impossible to ob 


tain information, except of a very peripheral and highly tentative type. From Taiwan 


comes information that there is not a single case on record in any institution on the 


island. Oblath, in review of cases in the hospital and clinics in the University of California, 


reported no Chinese cases discovered in San Francisco up to 1949, although one case of 


sarcoidosis ina Japanese had been seen. It is interesting in this regard that, from Singapore, 


Malaya, Ransome writes “ approximately 600,000 pictures (miniature radiographs) 


have been taken. In addition the various hospitals have been on a look-out for it but so 


far have not found it. The population of Singapore is approximately 1,000,000, 70 per cent 


Chinese, 15 per cent Indians, 10 per cent Malays and Eurasians, and 5 per cent Europeans.’ 


Vickers also confirms these reports from Singapore, but from Japan come fairly numerous 


reports, chiefly of the cutaneous or subcutaneous variety (Kitamura, University of Tokyo; 


Tsusaki, Yokohama). From this information, one might tentatively come to the conclusion 


that Chinese are, like the American Indians, to a very large degree exempt from the 


disease 


Goegraphic distribution: If one makes the assumption that there may be some feature 


about life in the Seandinavian countries which causes sarcoidosis to attack their in 


habitants more commonly than those of other areas, it becomes interesting to know 


something of the frequency of the disease in other countries lying in approximately the 


same latitude (56 to 70 degrees north). Portions of Canada iie within these limits, and 


sarcoidosis among Canadians of European descent is not rare. In Greenland, which lies 


between 60 and 85 degrees, according to Bréchner-Mortensen, not a single case has ever 


heen discovered, although an extensive roentgenographic survey was carried out there 
in 1951. Likewise, in Iceland (63 to 67 degrees north) Hjaltested reports that, in fifteen 
years at the Health Center at Reykjavik, which deals with 60 to 70 per cent of the entire 
population, he has encountered only one proved case and one doubtful one. All the popula 


tion of Iceland, he states, is of Norwegian and Irish descent from a migration which took 


place more than a thousand years ago. He adds, “My opinion is that sarcoidosis is ex 


tremely rare in my country compared with what I have seen in most of the other Seandi 


navian countries and in the U.S.A.” Obviously no information is available from the 


tremendous area of Asiatic and European Russia that lies within these latitudes 


If the other extreme is now considered, those countries which lie within a few degrees 


of the equator, it should be possible to obtain a fairly clear picture of the total distribu 


tion of the disease in terms of geography. The medical schools and the departments of 


health from which replies have been received are situated in the following countries which 


lie between 10 degrees north and 10 degrees south; Ceylon, Borneo, Malaya, Indonesia, 


Sarawak, Nigeria, and Venezuela. From all of these areas, there is the report of but a 
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NOTES 


single case which was suspected from the roentgenogram hut was not studied further 
It must be recognized that the total number of persons living within these limits are 
fewer perhaps than those in the northern extremes, and certainly it is true that public 
health programs have probably not reached the same level as programe in the north. That 
these negative findings have some validity, however, is indicated by the following com 
ments: Salfeder at Merida, Venezuela, states that their pathologic sections for two years 
failed to reveal a single case, and the same type of report comes from Mendez at Caracas 
Experience of Ransome at Singapore has already been related. Tjokronegore of the 
University of Medicine at Djakarta writes that. among 5S,400 surgi al specimens and 
5.900 post-mortem examinations performed at their echool since 1927, there has not been 
a single case ol sarcoidosis 

South of the equator, in the more temperate zones, fairly numerous reports have come 
from Argentina, New Zealand, and Australia Both letters and reports from these areas, 
intermediate between the extremes ol north and south, suggest an intermediate frequency 
hetween that of the Scandinavian countries and that of equatorial areas 

The possibility that certain foods or their absence might have a bearing on the problem 
led to inquiry in regard to the religion of patients in those areas in which the disease was 
less common, Since it was impossible to ask in detail about habits of particular individuals, 
it seemed possible that food taboos of various religious groups might offer a hint to pos 
sible lines of study. From this standpoint, the replies from the Near East are particularly 
interesting. Laufer, from the Department of Pathology at Jerusalem, states that in eight 
vears they encountered four tissues interpreted as sare oidosis, three in Jews and one in an 
Arab. From the Freneh School of Medicine at Bayreuth comes the statement that in 
five vears thirteen cases were encountered, of which one occurred in an Armeniin ine 
the others in Arabs. Retmann, from the American University at Bayreuth, states that 
one Arab was diagnosed as having the disease The Arabians at the French sehool may 
well have been largely Christian, as possibly was the Armenian 

In Afghanistan, which is largely Moslem and is situated near the same latitudes, four 
eases are reported from Ali \bad. In India, on the other hand, partly Buckdhost partly 
Hindu, partly Moslem, the only two cases encountered were both in Hindus; one from 
Agra, the other from Bombay. Finally, from Viet-Nam, which is chiefly Buddhist but 
slightly south of the other latitudes, there is not an example of sareoid tissue im the files 
of the Department o! Pathology at Saigon, whieh rey iewed the period from 1947 to 1053 
It thus appears that none of the known food taboos expected from regular wlherents 
of any of these religions would serve to point a line of inquiry 

In summary: | xtremely tentative conelusions indicate that American Tndians and 
(Chinese are relatively free from sarcoidosis, Possibly it is true that the Negro in his 
natural habitat is also exempt from earcoidosis and only develops the disease when he 
comes in contact with European modes of life. Sarcoidosis, finally, may for the present 
he considered a disease of temperate and subaretice climates and a comparatively rare 
one in equatorial areas It should be emphasized that these are extremely tentative con 
clusions and that they should be subject to revision as better information becomes 


available 
DePARTMENT OF INTERNAL Merpicine Joun S. CHAPMAN 
Tue UNIVERSITY OF Texas SOUTHWESTERN 
\lepicaL SCHOOL 
2211 Oak LAwN AVENUI 
19, Texas 
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Books 


Sunceny or roe Cuest. A Handbook of Operative Surgery. By Julian Johnson and 
Charles K. Kirby. Pp. 387, The Year Book Publishers Ine., Chicago, Ilinois, 1952, 
Price, $9.00 
The writers have succeeded in condensing within the confines of less than feur hundred 
pages a detailed presentation of the operations which have been demonstrated to be im 
portant in contemporary thoracic surgery 

After an admittedly brief orientation concerning the diseases for which a given pro 
cedure is employed, the operative details are described on « left hand page and the appro 
priate illustrations are plated on the opposite (right hand) page. The plates, more than 
eighty in number, are principally line drawings, but a minority are half-tones. The former 
are more successful and many are of superb quality. Deserving of particular commenda 
tion are the textual descriptions and plates concerned with segmental pulmonary resec 
tion (Chapter 8), the surgery of the esophagus (Chapter 10), and the surgery of the heart 
and great vessels (Chapter 11 An excellent description is offered of the possible routes 
to be employed in thoracotomy and their special indications 

One chapter only, Chapter 12, comprising thirty-one pages is devoted to the subject of 
surgery in pulmonary tuberculosis, exclusive of resection. This seems unduly brief but 
probably reflects rather accurately the present modes of practice 

This book has already had a wide reception, and the reviewer's copy is from the second 
printing 

G. Linpskoe 
New Haven, Connecticut 


Lune Cancer. By Seymour M. Farber. Pp. 162, with illustrations, Charles C Thomas 
Springfield, Illinois, 1954, Price, $4.75 
This monograph is designed as a concise presentation of the subject of pulmonary car 
cinoma, directed to the general practitioner, who has the initial opportunity to diagnose 
this disease. The magnitude of the problem presented by lung cancer demands that 
strong efforts be made to acquaint all segments of the profession with the means to diag 
nose and combat this increasingly common tumor 

The book sueceeds in achieving completeness without prolixity; in 136 pages and « 
bibliography of 134 items, there is a well-rounded survey of the subject. Directed as it ts 
to “practical” men, it nonetheless recognizes the importance of basic information on the 
problem and devotes more than 50 pages to etiology and histopathology. This is consider 
ably more than the space allotted to “Clinical Features” and “Surgery ” The limitations 
of surgical treatment are largely set by the nature of the disease, but increased discussion 
of the clinical features to raise the physician's index of suspicion might be a profitable 
addition 

In the section on “Surgery,” many will disagree that closure of the bronchus “is now 
accomplished by ligature one centimeter or so above the bronchial stump” relying on 
“fibrinous clotting in the proximal end” plus a pleural flap to give a secure closure. One 
might better emphasize the avoidance of trauma, devascularization, and a blind bronchial 
pouch as fundamental principles in this important technical step. Moreover, the section 
on lobectomy versus pneumonectomy omits a discussion of lymph node dissection, which 
may be more thorough in some lobectomies than in many pneumonectomies Hearty 


agreement must be given to the author’s view that not every “palliative” pneumonectomy 
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is in the best interests of the patient. On the other hand, the repeated emphasis on elabo 
rate efforts to determine inoperability may lead to denial of operation in some patients sus 
ceptible to genuine palliation or even cure 

Throughout the book the author emphasizes the predominant role of those to whom the 
hook is mainly directed, namely, the general practitioner or physician Many surgeons 


mav take exception to the statement (page 113) that they cannot be expected to 
have the time to establish the personal relationship with the patient that is so important 
a part of the physician's services * and others may be puzzled by the assertion (page 
120) that “ (the physician is the only one in medicine who can be expected to 


give due weight to that inestimable factor, the personality of the patient.” 
The book 1s handsomely set up with a minimum of proofreading errors. Some of these 
occur in the first paragraph on Angiocardiography (page 85), where the intravenous con 


trast substance is said to he vinvl acetate! One hopes that the high cost of producing sur h 


a book will not detract from its wide circulation 


HANLON 
St. Louis, Missouri 


BOOKS RECEIVED 


FUNDAMENTALS OF INTERNAI Meprerne. Fourth Edition. By W allace Mason Yater, with 
the assistance of William Francis Oliver. Pp. 1,276, with illustrations, \ppleton 
Century-Crofts, Inc., New York, 1954, Price, $15.50 

LeGAL Mepicint PATHOLOGY AND TOXICOLOGY Second Edition. By Thomas A. Gon 
zales, Morgan Vance, Milton Halpern, and Charles J. Umberger. Pp. 1,349, with 
illustrations, Appleton-Century-C Inc.. New York, 1954, Price $22.00 

IN Report the National Tuberculosis Survey (1950 1053 
Pp. 301 Medical Research Couneil of Ireland, Dublin, 1954 

La VACCINATION PAR LI B.C.G. By R. Griesbael Pp. 356, Les \Medicales Flam 
marion, Paris, 1954 

LEHRBUCH DER TUBERKULOsSE Drs KINDES UND DES JUGENDLICHEN By Werner Catel 
Pp. Oi with illustrations, Greorg Thieme Verlag, Stuttgart 10M. Price, $15.70 


pet Bacito pe Koon By C. Xalabarder. Pp. 140, with tlustrations Institute 


Antituberculosis Franciseo Moragas Barcelona, 1054 
Tue Brompron Hoserral The Story of a Great Adventure Bv Maurice Davidson and 
F.G Rouvra Pp 151 Llovd-Luke Ltd London 1054 
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et American Trudeau Society 


i: ae Medical Section of the National Tuberculosis Association 


NOTICES 


AMERICAN BOARD OF INTERNAL MEDICINE SUB-SPECIALTY OF PULMONARY 


DISEASES CERTIFICATION 


We are writing on behalf of the American Board Sub-specialty of Pulmonary Diseases, 


about which there seem to be several misconceptions. A few comments might be helpful 


to the many physicians who specialize in this field but who have never tried for certifica 
tion 


Everyone is eligible to take the examination who has been certified by the American 
‘is a subsection, who has 


Board of Internal Medicine, of which “Pulmonary Diseases’ 
had one or more year’s specialized training in the field, and who specialized at least part 


time therein 
The examinations are oral and consist of a case analysis and a fairly searching X-ray 


‘ . and clinical quiz. They are scheduled at least twice a year, usually in the East, Midwest, 
eS 3 and West; examinations at the time of the annual meeting of the NTA are planned 
: v Membership in chest specialty groups is neither a bar nor a requisite 

z ry Further information about qualifications, time and location of the examinations, et 
ae cetera, may be obtained from the Secretary-Treasurer of the American Board of Internal 


Medicine, Dr. William Werrell, One West Main Street, Madison 3, Wisconsin 


Roger Mrrene M.D., Chairman 
H. Oarway, M.D 

Epwarp Ray, M.D 

Joun Skaviem, M.D 

Davip M.D 

Sub-specialty Board for Pulmonary Diseases 


ae American Board of Internal Medicine 
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new instruments for 


Cardiac Surgery with 
non-traumatic ATRAUGRIP jaws’ 


Now the cardiac surgeon has the working 
advantages of fine, perfectly balanced Pilling- 
made instruments plus the new, noncutting, 
non-traumatic ATRAUGRIP jaws 


Two rows of finely serrated teeth on one 
blade and one row on the other, each set in a 
separate parallel plane, provide a grip which 


GLOVER AURICULAR 


Th2089 


GLOVER COARCTATION 
APPENDAGE CLAMP CLA 


will not slip despite high intravascular pres- 
sures Of intricate Operative procedures. The 
surgeon ts assured a firm grasp of tissue or 
complete occlusion of blood vessels without 
danger of crushed or perforated vascular walls 
or to linings 

Write Pilling for data on other instruments 
for cardiac surgery 


GLOVER PATENT 


me DUCTUS CLAMP 
Th2251 straight 
Th2256 angular 


Th2261 straight 
Th2266 angular 


Th2275 curved 


*Par No 26685358 


THE AUTHENTIC INSTRUMENT IS AVAILABLE ONLY FROM PILLING—ORDER DIRECT: 


GEORGE P. & SON CO. 


3451 WALNUT STREET, PHILADELPHIA 
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THE AMERICAN REVIEW OF TUBERCULOSIS AND PULMONARY DISEASES 


Sensitivity Testing 
of 
TUBERCLE BACILLI 


BACTO-SENSITIVITY DISKS 


Sensrriviries to the commonly employed therapeutic agents are accurately 
and readily determined using Bacto-Sensitivity Disks containing three con- 
centrations of Dihydrostreptomycin, Streptomycin, Viomycin, PAS (p-Amino 
Salicylic Acid) and INH (Isonicotinic Acid Hydrazide). Concentrated specimen 
or pure cultures are evenly streaked on Bacto-Peizer 1B Medium and Sensitivity 
Disks applied. Zones of inhibition of growth following incubation indicate if an 
organism is sensitive, moderately sensitive or resistant to the various chemo- 


therapeutic agents 


Peizer TB Medium recommended for sensitivity test procedures is easily and 
readily prepared from Bacto-Peizer TB Medium Base and Bacto-Peizer TB 
Medium Enrichment (Peizer and Schecter: Am. J. Clin. Path., 20:682:1950), 
This is a selective medium suitable for primary culture and simultaneous 
sensitivity determinations of tubercle bacilli from concentrated specimen, 


BACTO-SENSITIVITY TEST MEDIA 
Bacto-ATS Medium and Bacto-Lowenstein Medium are available in screw 
capped tubes with added chemotherapeutic agents. The ATS Medium is 
prepared according to the formula specified by the American Trudeau Society; 
the Lowenstein Medium according to the Jensen modification. These media 


are processed under carefully controlled conditions to give rapid optimal 
growth of the tubercle bacilli 


Bacto-ATS Sensitivity Media and Bacto-Lowenstein Sensitivity Media are 
supplied in sets of 12 tubes consisting of 2 tubes of control medium without 
therapeutic agent and one tube each of the following: 


Streptomycin 10 meg. ml INH 5 meg. ml 

Streptomycin 100 meg. mil Streptomycin 10 meg. and PAS 100 meg. ml. 
Viomycin 10 meg. mi Streptomycin 100 meg. and PAS 100 meg. ml. 
Viomycin 100 meg. ml. Streptomycin 10 meg. and INH 1 meg. ml 
INH 1 mee. ml Streptomycin 100 meg. and INH 5 meg. ml. 


The above media are also supplied in packages of 12 tubes of any one medium. 
In addition, for more detailed determinations, ATS Sensitivity Media and 
Lowenstein Sensitivity Media containing Streptomycin 250 meg., Viomycin 


»50 mee., and INH 0.2 meg. are available in packages of 12 tubes 


These media are supplied in incubator packages which permit preferred 
horizontal incubation 


Bulletin No. 141 describing Sensitivity Testing 
of Tubercle Bacilli is available upon request. 


DIFCO LABORATORIES 
DETROIT 1, MICHIGAN 
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WMA 
2s Speaking for You... 


The World Medical Association is the only international organization empowered to 
speak for you——before other international organizations in the interest of the prac 


ticing physician. 
Here’s what the World Medical Association does for you: 


1. Gives you a voice in the formulation of policies to meet problems of medical 
care on an international level; represents your interest before such govern 


mental or non-medical policy-making organizations as WHO and ILO. 


2. Brings you the World Medical Journal; keeps you posted regarding such 
problems as social security medical programs, international medical law, 


standards of medical practice and education. 


3. Provides you with a means of exchanging information or visiting with 


member colleagues throughout the world 


4. Brings you a U. S. Committee certificate of membership for display in your 


othee or reception room. 


join now ... with over 700,000 physicians from 46 countries... WMA 


is your only official voice in world medicine. 
WMA is approved by the American Medical Association 


«Dr. Louis H. Bauer, Secretary-Treasurer 
U. S. Committee, Inc., World Medical Association 
445 East 46th Street, New York 17, New York 


I desire to become an individual member of the World Medical Association, United States 


Committee, Inc., and enclose a check for § my subscription as a 
Member 10004 vear 
Life Member $500.00 (No further assessments 


Sponsoring Member —$100.00 of more per year 


Contributions are deductible for income tax purposes 
payable to the U.S. Comrrrer, Wortp Mepicat Association 


Make checks 


Jin pace donated by the publisher in the interests of the practicing physician 
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ASSURES INTAKE OF 


Each BUFFERED PARASAL-INH tablet : : BOTH PAS AND INH 
contains 0.5 Gm. PAS and 12.5 mg. INH . = 


nioke ote wily Tie 

BUFFERED PARASAL-INM Pas PARASAL-INH therapy both diminishes 
24 Tablets ‘ and postpones development of resistance. 
20 Tablets 10 Gm 


ECONOMICAL and CONVENIENT because 
40% FEWER TABLETS are required. 17 
BUFFERED PARASAL-INH tablets re, 
place 28% tablets (24 tablets sodium PAS 
0.5 Gm. plus 4% tablets INH 50 mg.). 


WELL TOLERATED because UNIQUE 
BUFFER incorporated in each tablet vir- 
tually prevents GI upset even in cases in- 
tolerant to ordinary sodium PAS 
Sodium and sugar tree 
Write for samples. (iterature. complete formation 
Sole Canadian Distributors 
WINLEY-MORRIS CO., 6579 Somerled Ave 
Montreal! 29, P. Q. 


{ CORP. 


340 CANAL STREET, N.Y.13, N.Y, 


1068 The Panray Corp, New York 


THE AMERICAN REVIEW OF TUBERCULOSIS AND PULMONARY DISEASES 
: 
nf” 
oP? 
; 
THE 
3 


NAPT publications 


BCG AND VOLE VACCINATION 
A Practical Handbook by K. NEVILLE IRVINE, M.A., D.M., BCh., 
M.R.C.S., L.R.C.P., Adviser in B.C.G. Vaccination to Oxford Re- 


gional! Hospital Board 


of Medicine. 


three dollars. 


CHEMOTHERAPY IN THE TREATMENT OF TUBERCULOSIS 


A symposium of 11 articles, based on papers 

read at a postgraduate course for doctors held by 
the Tuberculosis Educational Institute 

at Cambridge in September 1953. 


60 pages, diagrams and graphs, 2 pages of illustrations, one dollar 


NATIONAL ASSOCIATION FOR THE PREVENTION OF TUBERCULOSIS 
Tavistock House North, Tavistock Sq. 


Foreword by FREDERICK HEAF, M.A., M.D., F.R.C.P. 
David Davies, Professor of Tuberculosis, The Welsh National School 


96 pages, comprehensive index, 10 coloured plates, Clothbound 


London, W.C, 1 


Now Available in Spanish 


Clasificaci6n y 
Diagndstico Standard 


(DIAGNOSTIC STANDARDS) 


First published by the National Tuberculosis 
Association in 1950 and now in regular use by more 
than 100,000 physicians, this accepted authority 
on terminology, standard tests and classification 
in tuberculosis has now been translated into 
Spanish by Professor H.Orrego Puelma of the Uni- 
versity of Chile Faculty of Medicine, assisted by 
Deetors Raul F. Vaccareza, Ignacio Baldo and 
Armando Alonso, and is available to interested 
physicians in the form of a 64-page publication 

to cover handling coste, a price of 30 cents 
(Ameriean funds or the equivalent) has been 
established. Your order is cordially invited and 
will have immediate attention. 

Please address orders lo: 


DR. H. ORREGO PUELMA 
Hospital del Salvador, 
58 Vicuna Mackenna, Santiago, Chile. 


POSITIONS AVAILABLE 
AND WANTED 


RATE $5.50 per insertion for 25 words or less; additional 
words—15 cents each. Bold face semi-display $5.00 per in- 
sertion for 25 words of less; additions! words—20 cents 
each. Box number—75 cents extra. Employment Bu- 
reaus-$10.00 per colamna inch. Remitcance should ace 
company copy and be sent to: American Review of 
Tuberculosis, 280 Madison Ave., New York 16, N.Y. 


POSITION AV AILABLE 


RESIDENT PHYSICIAN: 160 bed tuberculosis hos 
pital in pleasant rural setting. Available July 1. All 
medical and surgical therapy utilized, Salary range 
$325.00 to $425.00 plus partial maintenance for family. 
Tuberculosis experience desirable but not essential 
California license mandatory. Apply to Medical Direc- 
tor, Stony Brook Retreat, Keene, California 
MEDICAL DIRECTOR: North American Graduate, 
five years tuberculosis experience, relatively new 100 
bed tuberculosis hospital, Madisonville, Kentucky. 
Salary $10,000., complete maintenance. Apply State 
Tuberculosis Hospital Commission, New State Office 
Building, Frankfort, Kentucky. 


POSITION WANTED 


Field of tuberculosis, any capacity. On staff of large 
sanatorium since 1938: Chief, Medical Service, forty 
one to forty-four; Asst. Supt. since forty-four. Nearing 
retirement on reaching statutory age limit of seventy 
Native American, active, in good health, no dependents. 
Position and pay secondary. Address Dr. John M. 
Stanley, Asst. Supt., Glenn Dale, Md. 
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‘Gates 
Syrup (5 me. per teaspoonful), Oral Tablets (5 me. per tablet), 
May be habit-forming. Average adult dose, 5 mg. tid. 


